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INTRODUCTION 


Tins book is not in any sense a textbook, but is an attempt 
to give some account of the less abstruse facts of Modern 
Chemistry in popular language and free entirely from 
al] technical terms, so that it may be understood by all. 
It is a companion volume of an excellent series of books on 
Popidar Science, and the issue of works of this kind is a sign 
of the times in which wc live. 

Years ago popular scientific knowledge was at a very 
low ebb indeed. The general Public, buried in abysmal 
ignorancoi look little interest in scientific matters, and 
remained indillorcnt to all the wonderful happenings around 
them, and this for several reasons. 

With the exception of the big Public Schools and the 
Universities, the teaching of Science was entirely ignored. 
It fonncil no part of the ordinary curriculum of the day. 
Even under the best conditions the time devoted to it was 
reduced to a minimum, and facilities for practical work 
were quite inadequate. How different are the conditions 
to-day ! 

Then, too, in those unenlightened days, the Public, 
believing that men of science were a race apart, speaking a 
jargon of their own, and dry-as-dust interpreters of the 
Scientific Thought of their time, were effectually frightened 
off. It is true that here and there some adventurous souls 
with their courage in their hands took down sometimes from 
dusty shelves some scientific volume and tried to unlock 
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6 Introduction 

the Door leading into the Unknown Land. For a brief 
moment there were Visions of interest and beaxity, but 
obscured in a maze of technicalities and scientific vcrl)iage. 
The book was returned to the shelf. The Door was shut 
with a bang. The Professors of this or that branch of 
Science were on their high pedestals, self-contained and 
exclusive. The whole atmosphere as far as the rul:)lic was 
concerned was entirely inimical to any Spirit of luqtury ; it 
was cold, repellent. 

Then, one day, two significant things happened. Someone 
was foimd bold enough to take pen and paper and write a 
book on Popular Science in a style at once ea.sy and attrac- 
tive, and in language understanded of the People. It fell 
into the hands of an equally bold and enterprising Publisher 
who saw which way the wind was blowing. Then, loo, iht! 
learned men came down from their high seats and were not 
disinclined to impart some of their information to their los.s 
fortunate brethren. They, too, would write popular books, 
give lectures to the Public and to working men especially, on 
Saturday evenings, persuade the British Association to givti 
popular addresses — ^were ready in fact with a Message for 
the Man in the Street. And the Public pricked up it.s ear.s. 
Tidings of great discoveries and inventions were in the air. 
It attended freely the lectures and addresses. It was minded 
to listen. Even the working man put on his Sunday coat 
and went off on a Saturday evening to hear a lecture on the 
Moon or the wonders of the Telephone. And what a Message 
it was when we Consider but the happenings of the last few 
years ! 

Rdntgen peering into our very flesh and bones, treating 
bodies wholly opaque as though they were transparent; 
Marconi bridging continents and seas with his wireless 
messages; the Curies electrifying the world with their 
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discovery of Radium ; Dewar converting air and other gases 
into the liquid and solid form, probing the depths of un- 
imaginable cold ; "riionison with his remarkable researches 
on the Discharge of Klectricity through Gases, wresting 
from Matter the Secret of the Atom ; Ramsay with his 
discovery of terrestrial Helium and other Rare Gases of the 
atmosphere - Lodge investigating the nature of the Ether 
of Space ; Einstein juggling with Space and Time, intro- 
ducing into our preconceived notions his profound and 
far-reaching Theory of Relativity ; Lowell reading in the 
face of Mars signs of a life other than our own ; and many 
otluirs. 

To-day the earnest seeker after knowledge is indeed 
fortunate. Popular books on every branch of Scientific 
Tliought and Inquiry are open to him ; lectures, addresses, 
and libraries are given to him freely ; magazines, journals, 
and the Daily Press come to his aid with attractive articles ; 
Universities dot the land ; Technical Schools are springing 
up everywhere. What excuse is there to-day for a lack of 
knowledge (alas, still existent) of the rudiments, even, of 
Science ? The age in which we arc living is admittedly a 
very wonderful one. The stupendous discoveries of the last 
few years, and the advance of scientific knowledge as the 
result of modern research, cannot surely be any longer a 
mfittcr of indifference to any educated and thoughtful man 
or woman. 

In the case of Chemistry, its onward march and progress 
has not been loss rapid than that of any other branch of 
Pure and Applied Science. Since those far-off days of 
Lavoisier, when its foundations were well and truly laid, up 
to the present time, the advance has been rapid and 
unchecked. If we are to form any just conception of this 
progress ♦*+ust extend our view of it into the uttermost 
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horizons of human life and activity. We no longer believe 
that Chemistry is bounded by any definite limits and 
frontiers, restrained by any narrow environment. 

Modem Chemistry, especially in its numerous iipplica- 
tions, knows no bounds or limitations. It embraces .'ill 
conditions of modern life, and is profoundly a.s.socialed with 
everything that makes for the advanccmeiu and welfare of 
the human race. Applied Chemistry in its relation to the 
Arts and Manufactures and to everything which affects our 
Uves, has without doubt revolutionised the world. Jivc.ry 
day something is added to the conveniences and amenities of 
life, as the result of Chemical Research. 


ACKNOWLEDGMENTS. 

My thanks are due to the following for their kindness in 
supplying information and, in some cases, for illustrations or 
Vagrams ; W. H. Dorman & Co. ; Liquid Air Ltd. ; Ozoniur Ltd. ; 
Barr & Stroud, Ltd. ; Barrett & Elders, Ltd. ; Siebe, Gorman & 
Co., Ltd ; Kodak Ltd. ; Chance Bros. & Co., Ltd. ; Industrial 
Gas^jThe Acetyl^e Corporation Ltd.;Lawes Agricultural 
trust; The Institution of Mining Engineers; Flul|el ^ Co., Ltd. 



CONTENTS 


CIIAJ’TRK X 

AEcrir&iv and the Pawn of Cnr-MisTRy . « . . 13 

(’ITAPTICU 1 1 

MATTi K* ANO SOMiv OF ITS T^’KOPEilTfES- -T loW TIJK CllEMTST ^ 
ULCrARDS IT 

CllXin^lLR ill 

Thk ('in.MrcAE Eeijaii-^nts 32 

CflAT>'rER IV 

Cus-;micae Combination — I low the Reementr combine with 

ONE ANOT^ilvK ........ 4I 

CE-TAFrEK V 

AxmiS ANII iSIol-ECTJEES : TllK WORLD OF THE InFINITCLV 

Ihxtle ......... 51 

CIXAl^'KR VI 

Tine Air we krkatiie ....... 6o 

CHAFrER VII 

Carjm)n Dioxiuie, Carbon Monoxide, and the Rare 

Games of the Atmosphere ..... 73 

CHAPTER VIII 

In Froxen Wort-ds : Marvkes of Low Temphraxures . S5 

CTlAFriHi IX 

Thk Story of I^Tamjcs — Combustion . * * . 95 

GHAin'ER X 

Hyisrogen and its Compounds, Sodium and Potassium . 106 

CHAFrER XX 

A CLOHia.Y Rl'XATED I^’AMIDY— -CHLOIilNE, BttOMlNK, lODINE, 

Fluorine iiS 

CHAPTER XII ^ 

Sulphur — Phosphorus — ^Arsenic — ^Antimoity — ^Bismuth ^ 

9 


127 



lo Contents 

CHAPTER XIII 

Electrolysis, or the Decomposition of Li'-yirus r.v r : 
Electric Current ...... 


CHAPTER XTV 

Acids — XBases — Salts — Crystals . . . , . 

CHAPTER XV 

Some Metals and their Properties . . . . 

CHAPTER XV f 

The Romance of Radium and Radidactivitv 

CHAPTER XV J I 

How THE Elements are classified » . , 

CPIAPTER XVII r 

The Wonders of the Spectroscope . . . . 

CHAPTER XTX 

What the Spectroscope tells us abo\jt tuf. Sun and dth ' 
Heavenly Bodies 

CHAPTER XX 

Carbon and some of its Comhjunds . . , . 

CPIAPTER XX I 

The Story of Carbon Compounds (roNTiNur.n) 

CHAPTER XXil 

Chemistry in Daily Life 

CHAPIER XXTTI 

Chemistry and Plant Life in Field and Gaidji.n 

CHAPTER XXIV ^ 

Some Aspects of Industrial and Applied Chemistry 

CHAPTER XXV ^ 

Recent Discoveries and Applications . . , , 

CHAPTER XXVI 

Further Developments of Modern Research . 

Index 


13s- 

LV ) 

JO'J 

Tf/; 

'U'MJ 

L'’*! 



278 

aof 

306 



LIST OF ILLUSTILATIONS 

Tiii-; A'ror.i . , ^ rnmiv'^'^icce 

r-'AClNt, PAGK 

Ais Alciikmis'c’s Latjoratouv . „ o o • - i6 

TRANSFOIiMATION OF CirFMICAL KNbRG'i' • , « *32 

Salvus “ lUii-.ATjiixG Apparatus . . . . .64 

in-,LnrM IN Atmsjiiks 80 

(a) KontgI'.n Ka'S's 128 

(b) OPTOI’JIONR Ujsc • • . . . . .128 

(c) if.Lr, cxiac; Spark 128 

(d) Bactkuja on root of Bi an • , . .128 

WFXDING by I'^UX'TKICITY I44 

A SO-CALLED Perpetual Motion Machine « « *76 


II 



12 List of Illustrations 

Coal Tar Dves in Photography . . , , . i 

Production of Diamonds 2^:4 

Capping A “ Spouter " 2.|u 

A Living Fly-trap 

Explosives in time of Peace . . . . . 

Liquid Air as an Explosive . . . . , . 2‘‘ s 

The Optophone 

Cutting Metal with the Oxy-Acetylenk Flamr , , ,^. 4 



CHEMISTRY OF TO-DAY 


CHAPTER I 

ALCHEMY AND THE DAWN OF CHEMISTRY 

^Modern Chemistry, looking back through the long per- 
spective of Time, is not only inclined to view the Alchemists 
of old with pious veneration, but it also, in the light of 
recent lusearch, sees a fulfilment oven of some of their 
theories and asphations. And it is well to remember that 
many of these early pioneers were men of lofty ideas and 
of high intellect. They worked and toiled much, often in 
fields remote fi-om chemical thought and inquiry. And 
beyond the mateiial aspect of their labours, the quest for 
the one Basic Foundation of Matter, and the Transmuta- 
tion of tlie Base Metals into Silver and Gold, there was 
ever before their eyes the Mystic aspect of the question. 
'J'his was natural since Alchemy was concerned both with 
the Matiirial and the Divine. Beyond the Material there 
were certain Philosophic Principles — the Divine Spirit or 
Esstmee, the " Soiil of the World," which pervaded all 
tilings. Also the " Spirit of the World " by which the Soul 
influenced the body and was bound to it. 

The Alchemists, no doubt, were heartily abused for thus 
introducing into their practical work so much pious reflec- 
tion and religious imagery ; and we know that their in- 
quiries often took them far afield into regions speculatively 
remote from their purely scientific work. At the same time 
we cannot help being struck by the beauty of some of their 
conceptions. They were in a great measure symbolic, of 
course, but tbMy give us a glimpse of the high level to which 
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14 Alchemy ^ the Dawn of Chemistry 

rmich of their thought attained. Tho Alchemists l»i:liovod, 
so it has been thought by many, that the Matoriiil by 
purifications similar to chemical procfsscs, might l;c 
gradually brought within the sphere of a Moral ami 
Spiritual Regeneration. And just as the inc'lals through 
successive stages of purification reached that higlie.'.t 
plane of all. Perfect Silver and Perfect Gold, so, too, iJr 
Spirit of man might be redeemed from the gross material of 
Matter, and rise to a higher manifestation, 'i hiis, Liryoud 
the material plane of Alchemy, there was ever (Jk; 1m -lief 
in the Progression towards the J>ivinc. 

If we look at Alchemy from the Sralerird point of \ue\v, 
we shall find that it started with a lluiory of Creation in- 
volving the admission of a "First Mattel," the Ija^: of nil 
Creation. This was supposed to be deriveil from a " i iyle," 
or Foundation (A«/e matter, Grk.), which enteied into tho 
structure of all material things. Tho fmir “ Fleniouls • 
Earth, Air, Fire and Water — wore associated with tliroi- 
Principles — Sulphur, Mercury and Salt. Tlnsse by endli-sM 
combination and differentiation gave rise to all the bound- 
less variety of material substances. 

There were seven metal.s known as forms of Matter- - 
Copper, Gold, Iron, Lead, Silver, Tin and Zinc. It is al.so 
probable that the Alchemists were ncquainled with .Arsi uie, 
Bismuth and Mercury. All these metals were considen d to 
be stable, but this did not preclude the ixis-sibLlity of changing 
them from one into another. 

The Alchemists believed that all material things were 
capable of infim'te change ; it was one of tho child tenets of 
their faith. Nor need we be surprised ; changes W4*rc i‘v» r 
occurring around them in Nature. Physicid agi ncu-s such 
as light. Heat, etc., were alwa3re at work proving that 
Matt* was not permanent. Tho expo.suru of meliil.s to the 
air and moisture, producing rust and other effects due to 
chemical change, suggested often the question of 'J'rans- 
mutation. 

Not all the metals were considered to be of the same 
purity and excellence. By a gradual seriesrof gradations 
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Gold and Silver at last emerged as the only Pei’fect ones. 
Into these it was sought to change all the others, and to this 
end all their efforts were directed. In season and out of 
season, the Alchemists laboured with their crude apparatus, 
their retorts and furnaces, tovrards the attainment of one 
great object — the Philosopher's Stone, the basis of all 
Transmutation. That they achieved some results even 
with their rough apparatus is known to-day. Their methods 
of manipulation wore doubtless coarse and imperfect, but 
tlieir labours were not entirely fruitless. 

Willi regard to the question of Transmutation, if the 
Alchemists had been successful in changing base metals 
into gold and silver, we do not know what use their dis- 
covery would have been to the world at large. Modem 
research during the last few ycai’s has indicated the lines 
on which it would be necessary to proceed in order to 
bring about the change. The results, however, would be 
out of all proportion to the cost, and economic laws would 
soon prove the fnlility of such attempts. 

As for the Philosoplier's Stone, it, apparently, never 
materialised but ever remained a mere Abstraction. 

The Alchemists, as we have already mentioned, were often 
sub] cell'd to much abuse and scathing criticism. Strained 
Analogies and far-fetched Allegories, which might mean 
something or nothing, completed the confusion into which 
mens' minds were tlirown. I'lic critics outside the fold of this 
occult Art passed heavy judgment upon the workers within. 

Time, however, as is so often the case, has vindicated the 
truth of much that the Alchemists asserted and believed. 
Modern Research on the Constitution of Matter has pro- 
foundly affected the old i<leas concerning material things. 
We beliiwe to-day that there arc Ultimate Particles or 
l£leclrons, at 03ns of Negative lUeclricity with a Positive 
Nucleus, whicli are the bricks of which the whole structural 
edifice of Matter is built. And if this be so, the Ancient 
Doctrine of 03 ie ** Primordial Matter or First Matter^' — 
the Protyle — is not the wild conception that it was once 
thought to (chap. xxv). 
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So, too, with regard to Transmutation. “ The Story of 
Radium” tells us (as we shall see in chap, xvi) that in 
certain cases the radioactive substances spontaneously 
change into other forms. The cherished dreams of the 
Alchemists have, in great measure, come true at last. 

The science of Alchemy is of very ancient origin. I'roni 
the Arabs came the term “ Al-Chymy,” the Chemistrjf, A1 
being the definite article. The Rabbis and Jewish .scholars 
of the Hebrews no doubt handed down to later generations 
the old and Ancient Magic common to CluikUea and 
Babylon. From Egypt, too, where at Alexandria llie 
Sciences flourished and Magical Arts were practised, we 
may trace some sources of the science of so-called Al-Chyniy 
or Alchemy. It was the object of study by sages and in« ink.s 
from as early as a.d. 720. Indeed, before the Christian Era 
investigation proves that Al-Chymy was not unknown <!Vi u 
in those early days. In Mediaeval days the Science was 
styled the " Hermetic Art,” implying an origin from 1 lernu s 
Trismegistus, an Egyptian teacher. In A.i>. 730 Hvetl the 
great Geber, a man of pious aspirations, full of belief in the 
Philosopher’s Stone, the Elixir of Life and all that the 
Divine Art implies. 

We have already stated that there is a Mystic or Religious 
side to Alchemy. An early writer puts it thus : " I'he 
practice of Alchymy enables us to understand, not merely 
the marvels of Nature, but also the nature of the Great 
Divine One Himself in His unspeakable glory ” ; and he 
goes on to show that the Art reveals, as in a mirror, the 
purification of Man from sin and the steps by w'hich he may 
pass ” before he can rise again to a new and higher life.” 

The idea of Transmutation was outside all this ; the 
purely Material aspect (as we have seen) of the Art. 

But as the baser metals gradually melted into the finer 
Gold, so also the Alchemists believed that Man in his 
spiritual state could by successive purifications attain to the 
higher and purer life of the Spirit ; a Transmutation from a 
lower to a higher plane. 

In this conception is involved the doctrine oHhe Unity of 
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Nature and of all Natural Phenomena. As in plants and 
animals there is a gradual progression from the lowest to 
the highest — different degrees of Perfection — so, too, in all 
material things, in metals and the like, the Alchemists held 
that there might be seen different gradations of excellence. 
What nobler object, then, they argued, than to hasten the 
development of the lower to the higher, to exchange the 
dross for the Gold ? And in the moral sphere of Man's 
personality, successive stages of purification, advances in 
iAloral and Spiritual Perfection, would unite Man at last in 
the one great Unification of Nature, and so to Nature's 
God. 

We not, it is true, always agree with all the analogies 
drawn from Holy Writ, but the line of argument is pretty 
plain through Alchemical teaching, that Man could by 
casting off the Material seek Rc-union with the God-head. 
Death would free him from the bonds of the Material world, 
whence he would pass to the Higher Plane. Finally, as in 
Ihiddhism (as exemplified in the Higher Teachings of the 
Buddha) he would be absorbed into the Great Rest. If this 
be so, there is a relation between Alchemy and Theosophy, 
so it is thought, the Western .Systeni of Philosophy uniting 
with the teachings of the East and especially with the 
exalted precepts of the Buddha. Indeed, it is claimed that 
there arc distinct references to Alchemy in the ancient books 
of India. But on the whole the tx"end of Indian thought and 
Art leads rather in the direction of Re-incarnation and the 
influence of Mind upon Mind. 

Alchemy was practised in China, so it appears, consider- 
ably before the Christian Era. In the teachings of the old 
philosophers there can be traced the belief in that wonderful 
Stone, the Stone of WivSdom, which was the basis of all 
Transmutation. But, tlic Mystery which shrouded it — 
nothing seems to have lifted that I 

Dante in Canto X, Paradise,'' speaks of the Fourth 
Heaven where are seen the spirits of the Fathers and 
Theologians, many of whom were famous in the alchemical 
world, such Roger Bacon, Pope John, etc* Mention is 
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made, also, of “ Thomas of Aquinum,” greatest of all the 
schoolmen. A disciple of the Dominicans in his early daj's, 
he afterwards became a Friar and studied at Cologne and 
Paris. A great theologian, he died early and was canonized 
by John XXII. His great work, the " Sum of Theology,” 
is the acknowledged code of Latin Christianitj'. 

In Canto XXIX, ” Inferno,” there is a rcforcnco to two 
Alchemists — Greffolino d’Arezzo and Capacchio ; 

“ I of Arezzo was/^ one made reply, 

‘‘ And Albert of Siena had me burned/' 

and further : 

“ But unto the last Bolgia of the ten, 

For Alchemy which in the woxld I prariineth 
Minos, who cannot err, has me condeinned.” 

One of the most distinguished Alchemists was that early 
pioneer in scientific investigation, Roger Bacon. Ih- w.is a 
long way ahead of his time and generation, for the age into 
which he was born was an ignorant one. But his leaniing 
and scientific knowledge shone as a beacon light point iug t ha 
way to true progress and casting a lurid glow upon the 
extravagant theories and crude ideas of the men of ln.s 
time. 

Bacon considered that in " Experimental Science lay the 
best means of checking the results obtained by mathoinatic al 
processes.” It led on to further researches in new fields <if 
inquiry. 

In a treatise styled, *' On the Marvellous Powt;r of Art 
and Nature,” Bacon (referring to the discovery of guji- 
powder) mentions an explosive mixture “ producing a noise 
like thunder and flashes like lightning.” 

And again : " From saltpetre and other ingredients wc are 
able to make a fire that shall bum at any distance that we 
please.” 

In many ways Bacon curiously anticipated ideas holtl 
to-<tey by Modem Science. For instance, he says that 
radiant Force can proceed independently of man’s power of 
perceiving it. 

Is not Radiation invisible to our eyes ? Its effects only 
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are seen. And somewhere else he dramatically states 
that '' there are many dense bodies which altogether inter- 
fere with the visual and other senses of man, so that rays 
cannot pass with such energy so as to produce an effect on 
human senses. Yet, nevertheless, rays do really pass with- 
out our being aware of it/' A wonderful forecast of X- 
rays ! 

As Clement IV the Pope became interested in Bacon's 
works and received from him his '' Opus Majus," the 
“Minus" and the “Opus Tertium." Afterwards he was 
accused of sorcery, and his works were condemned. Pic died 
in 1293. 

Many were the hardships and persecutions which the 
Alchemists suffered ! In the reign of Henry IV Transmu- 
tation was actually made a felony. The act was, however, 
re]Dcaled. No doubt theix were extravagant claims made 
which could not be substantiated, such as those of Trans- 
mutation and the Elixir of Life. Add to this the fantastic 
Imagery and the unintelligible language which obwScnred so 
mucli of their work and teacliing like some dense fog. Who 
could penetrate it ? 

It will be seen in the next chapter that the doctrine of 
“ Tdilogistoji," which asserted that Fire was one of the fotir 
primitive “ elements," was held largely by the early 
chemists. Wlien a ])ody was heated a wonderful Essence 
or Principle entered into it. On cooling this Essence 
escaped. But discoveries by those later chemists — Priestley 
and Lavoisier— <iffoctutiIly killed these crude ideas. More 
advanced and comet explanations were given concerning 
the heating of bodies, and other phenomena. The Dawn of 
Modern Chemistry was dispelling the mists, and chasing 
away the fogs which hitherto had enshrouded the work of 
the early chemists and Alchemists. 

The discovery of Oxygon gas by Priestley in 1774, and 
the later theories of Lavoisier in 1778, as to the true nature 
of combustion and the changes to which burning matter is 
subjected, swept away ere long the old notions and theories 
concerning “ idilogiston/' It was seen now that when a 
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body lost some of this mysterious Essence during rnnt- 
bustion, what really happened was this ; the body absiii Imd 
Oxygen from the air and combined witli i(— formed an 
Oxide, as we say. Later on Lavoisier introduced tiiii lirst 
real System of Chemistry, collecting and co-ordinating all 
the known facts, and bringing some sort of Unity out of tl'c 
chaos which had formerly prevailed. 



CHAPTER II 


MATTER AND SOME OF ITS PROPERTIES 
HOW THE CHEMIST REGARDS IT 

Since Chemistry is concerned with the transformations 
and properties of material things, it may not be out of place 
to get a conception of some of the Properties of Matter, 
perhaps rather from the Physical point of view, before going 
on to look at it in the light of Chemical Science. At the 
same time we cannot say that Chemistry is separated by 
any sharp botindarios from this or that branch of Science 
which has to do with various kinds of Phenomena. We 
know that Chemistry often joins hands with other fields 
of enquiry which are sometimes thought to be outside its 
immediate scope. This is specially seen in later days, as 
in the iiivesligaiion of the Properties of Radium. In this 
field many workers in different brandies of Science have 
toiled. 

'i'hc Greeks had a coiicc*piion of Matter in the early days, 
which curiously enough closely resemhhid the general view 
held lo-duy. To the Greek philosopher Matter was composed 
of four different “Elements" or kinds of things — Earth, 
Air, Fire and Water. 

Many things no doubt suggested this, such as the earth 
beneath their feet — “ Mother Jfarth " with all its diversity 
of shape and form ; the wind rustling the leaves of tree and 
shrub ; the flickering flames of burning bodies ; the ever- 
flowing rivers and streams. 

If w’e cut out the third of these concepts, we fall into 
agreement with these ancient ideas. Do we not say that 
all Matter is divided into Solids, Liquids and Gases ? 

The idea of Fire entering into the composition of Matter 

21 



22 Matter ^ Some of its Properties 

lingered long in the minds of men. The old theories of the 
ancients gave place gradually to the doctrine of “ Phlogts- 
ton,” which taught that a “ Fiery Essence ” pcrm<‘at( <l ell 
the structure of material bodies capable of burning. It 
could be introduced into substances by heating them wilii 
some other bodies which had a full share and inon: r>f this 
mysterious Essence. Other principles were aclclc'<l tt") the 
general conception in order to prop up the Phlogist on T1 1 r * >ry. 
But even these failed to sustain the worn-out (ioi-iriiu- 
which in the days of Lavoisier received its deatli-hhnv. 

It is a general belief that all forms of Matlcr-- ; oliil •, 
liquids and gases — consist of very minute parlich whirli, 
wonderful to say, are ever in a state of porpt'tnal niotioii. 

As it would be natural to suppose, these liltli' puriif It 
which for the present we may call Atoms <tr .Mo!- rule, 
(though later we shall have to define tlw-m mrnv jinii i K ), 
do not move with the same freedom in solids as in li(|nitI-4 
and gases. If only we could look into the inner imv r.f 
Matter, we should probably find that in solids; tlie lini.- 
particles are in movement, no doubt, but in ;i very liiuitt <1 
sphere of action. But all evidence points to tins view that 
there is some movement going on, although our ey<-s caiuH Jt 
perceive it. The pencil we hold in our haiul, the gia?. . of 
the tumbler on our table, are not those <[uk5l inert ohjei t:. 
which they are popularly supposed to be. Within tin it 
hidden structure countless millions of ngitating molicul, ; 
travel backwards and forwards in ceaseless vibratinu. 
Experiment tells us that this is so. The fact that botlie,-; 
expand when heated and contract when coctled support-, 
this idea. So, too, the curious fact that metals, if jilaced in 
dose juxta-position to one another, will gradually but 
surely come into mutual contact. 

If we could look into the interior of liquids, we .should find 
the same movement taking place, but naturally with mjjre 
freedom. The forces binding the little particles together 
and tending to restrain their activity, are now relaxed in a 
great measure. The field of action is less restricted. 

We are led to suppose this from the fact that liquids give 
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off a vapour — evaporate as we say — more easily than solids. 
In metals, for instance, the transition from the solid to the 
liquid, and from the liquid to a state of vapour, requires 
far more heat than is required to boil some water in a kettle. 
In some liquids such as Ether, the particles are even less 
restrained. A drop on the hand soon vanishes — we call it a 
mobile, volatile fluid. 

It is in gases, however, that there is found the greatest 
freedom of motion. What a wonderful sight it would be 
if only we could view with our e3?'es that jostling hustling 
crowd of countless myriads of fl^dng atoms. It has been 
computed that there are at the ordinaiy pressure of the 
atmosphere about forty trillion molecules present in every 
cubic centimetre of a gas ! They are ever flying about in 
their containing vessel, continually knocking up against 
each other in ceaseless collision, and then bounding off like 
billiard balls, both from each other and also from the sides 
of the vessel. 

In a very light gas, like Hydrogen, the molecules move 
about moi-e freely still than in the case of a heavy gas like 
Carbon Dioxide, whoso density is very much greater. If 
the containing vessel be exhausted of air, the remaining 
particles will have a much wider sphere of action ; they 
will not jostle each other so much. It is like a ballroom 
when a number of dancers have retired. The remainder 
move about more readily in the less restricted area. 

In solids and Ikiuids the particles are attracted to one 
another by very great forces. We call this Cohesion. If a 
substance like a bar of iron be brok^m asunder, it is impossible 
to join the two pi(*ces together again unless they are welded 
tog(?thor by heat. We cannot get the molecules into suffici- 
ently close contact so that the forces of Cohesion may act 
upon them. That the power which holds molecules together 
is very groat is seen in the case of soap-bubbles whose 
film, just before it breaks, is of extreme tenuity. And the 
well-known experiment of causing a needle to float upon the 
stu’face of water illustrates the same thing. The needle 
rests upon the film of water without breaking it. 
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Since the particles of Matter are in constant motion it is 
not surprising that all bodies are porous in suino 
There must be a free path for the particles, howowr^n.-tU. 
And the density of bodies varies according as tli<j pores are 
large or small. This was proved long ago by taking a nn.tal 
ball, and after filling it with water, tightly closing it. When 
the ball was subjected to great pressure, little of 

water were seen to issue from the pores of the metal and 
cover the surface. 

If a body were divided and sub-divided down to th. st* 
minute little particles we have been considering, we .-hoiild 
require about 100,000,000 of such niolccuhs in ordi.r to 
render them visible under the highest power of a ini«rro- 
scope. 

There is no doubt, however, that Matter cun lie sn1»- 
divided to an infinitesimal degree. The litth; nit»ti!S of >lu-,t 
Hanging in the rays of the sun when tluiy stiike tlinmgh a. 
window, the emanations from some perfnnuid b«til\ like 
musk which affect our sense of smell, the uxci'ioivc tJiiiuii i'S 
of a film of silver on forks and spoons, the “ scent ” from 
a hunted animal — ^all these are instances. 

If the emanations from such a body as mu.sk arc; anything 
like the molecules, for instance, in a gas like Hj-diogeii, 
they must consist of incredibly minute particles, foi it is 
supposed that it would x*equire more than two million of 
such particles to occupy the space of one twenly-fiftli part 
of an inch. 

In the year 1827 an Englishman called Ilrown claiim d 
to have discovered, not these minute particles thcmsi'lvi's, 
but their effects in liquids. When working with a micro- 
scope he observed that certain minute little bodh's in a 
liquid appeared to be always moving restlessly about and 
describing a series of irregular motions (Fig. i). Many 
reasons were brought forward in order to account for the 
phenomenon. These were ruled out by careful experiment. 
And to-day we know that the constant agitation is due 
to the presence of moving molecules themselves. They are 
the cause of the movement of the larger particles seen in the 
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microscope. It is their effects which we see. They them- 
selves are beyond our ken. If once wc admit that brniio.-j 
are porous — that there is a degree of separation ])c( wrcii 
minute particles of Matter — we need not be snrpri.a il tliut 
bodies can be compressed or dilated. We can redurt* iheir 
volume or extend it at our will. 

Not all bodies, howcvcT, can be compnss«Mi alikr ; a 
piece of india-rubbtT is vc3y compressible ; al, o a pit cu* 
of cork ; water and most liquids, only vc-ry s!i,f;b( : mrPil-; 
are compressible to a considerable degree, as wiuu the 
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coins in onr pockets which sirt' stiuiipt-tl willi tin* licjnl of 
the Sovercif'n an<l tUite of isstie. 

A reinaikablt! nppliailiun of the fact that wafer is s1i;;hlly 
compressible is seen in what is known as " Wuve ’l raiis- 
mission of Power.” Then; has hitciy been exhibit<*«l in 
London an apparatus whielj cuts into j^ranilt; like .soap, and 
rivct.s steel plate.s at the rate of 2 .|(k> hhnvs a inijiute, by 
Messrs. Dorman and Co., Ltd., of Stafford. 

It is claimed that water if placed in a pipe sealeil at one 
end will yield to the impulse of a piston at the other end, 
and on the return stroke the water will expand elasticuUy 
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to its original volume. If one end of the pipe were kr]>t 
sealed and the piston continued to deliver fresh impul'-e.-i 
very rapidly, the pressure would become so great that flie 
pipe would burst. But instead of scaling one end, iliero is 
inserted a second piston which transmits the wJi\’e ini i;n.-.i1y 
or pressure to a motor, which utilises the energy in whalev^.T 
fonn may be desired. 

In the diagram {Fig. 2) wc see what happens in the jitpe. 
The piston A impinges on the column of watt r in ilte pipe I’ 
so rapidly and with such intensity that the licpiid h:i no 
opportunity to recover its volume; waves arc sil up in 
quick succession, and their cumulative elfuct is hroinila to 
bear upon the piston B. The force in a pipe an iin li in 
diameter is said to be terrific. Piston bluw.s of ,10 hor,.(,'- 



Fig. a. Wave Transmission of X’uwfu i.v a I’li'i: 

By permission of \V. fl. Porinau iiiui I'li, 

power are delivered at the rate of 2400 a mitnito priidiiring 
incredible pressure on the imprisoned cohiinii of water. 
The whole force of the waves or impulses can find no outlet 
except in driving the motor connected with the pisttm Jt. 
The equipment required for wave- transmission is inexpeii v» •. 
Simplicity, adaptability, portability and other advantages 
are claimed by the inventors. In mining, shipping and 
shipbuilding, in general workshops and factories, for road 
and rail vehicles, in air-craft and other forms of applicration. 
its general use is confidently expected. 

From what has been said about gases, we need not wonder 
at the fact that they are very compressible. Indeed, it i.s 
one of the Laws of gases which tells us that their volume 
varies according to the pressure applied. If, for instance, the 
pressure be doubled, then the volume of the gas will be 
reduced to one half. By repeatedly compressing air and 
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allowing it to escape, it may be reduced to a liquid 
state. If we were unable to compress air, all pneumatic 
tyres on bicycles and motors would become valueless 
at once. 

If wc cause a body to expand, we do the very opposite 
of compressing it. All solids, liquids and gases can be 
treated thus. A blacksmith, for instance, wishes to put an 
iron tyre on a wheel ; when cold, the tyre cannot be fitted 
in a satisfactory manner. It is made just a little too small ; 
when strongly heated it will, however, slip easily over the 
wheel, and on cooling down will bind it securely together. 
Experiments show that bridges are longer in summer than 
in winter. The little spaces left by engineers on a railway 
between the successive lengths of metal, are also an instance. 
If there were no room for expansion, the rails would be 
quickly put out of truth on a hot day. The rise and fall of 
the .Mercury in a thermometer tells us that liquids expand 
and contract. 

If a body which has expanded or has been compressed 
rt iunis to its original state when allowed to do so, it is 
called lilastic. 

Bodies t‘xhil>it this property in different degrees. The 
3nains]>ring of a watch when coiled up is subjected all the 
liinci to a considerable sti'ain accompanied by an internal 
forct^ of stress. 'I'his tend>s to cause the spring to uncoil. 
1 his ])oss<;sses Ithisl icily, therefore, to a considerable degree, 
if a ball he bounced on the ground it undergoes for a brief 
moment a change in its shape. 1 hit by reason of its Elasticity 
it <iin<*kly regains its usual form. Tluit aball behaves in this 
iiKiimcrhas been (k monstrated thus: A billiard ball is allowed 
to drop from varying heights on a smooth hard surface 
covered with oil. At the point of contact the film of oil 
is found to be displaced to a greater or loss extent dependent 
upon the distance through which the ball has fallen. An 
elegant example of the same thing is seen in soap bubbles : 
when lloating in the air and allowed to settle on the arm, 
they will often bounce off and at the same time clearly 
reveal the distortion which for the moment affects their 
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shape. When it is considered how thin the film of a bubble 
is, its Elasticity is remarkable. 

In speaking of the shape of bodies, it must be romcnibcrnl 
that all must possess some external shape or ft u in. And lu i\v 
boundless are the different shapes which r assniuf s I 

How infinite its variety of form ! It is a far cry, pf.-rhn]>s, 
from the shape of the irregular stone which we pick np on 
the road side to those exquisite crystals of sikjw (I’isp .;) 
which are of extraordinary beauty and symnu-l i y of arrim;-,*-- 


ment, but it only proves the truth of what we an* sa^in,-'. 
There is an interesting property of Matter which we ima t 

now examiui.*, fr>r it is 
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governed by ijiiportant 
laws. It is tlu> jmipcriy 
which is ch:ira«‘leri;.ti>' of 
all bodie.s which are in a 
statu of rust or uniiorm 
motion in a straip,hi line. 
They (‘(jntiiute to ii main 
in this stale unle. -^ tie y 
are in Ih umced by ux t c r 1 1. 1 1 
forces. According to tliis, 
if a botly in n)oti 4 ni wciu 
left to itself, entirely nn- 
inihienc(‘d by anytldng 
outside it, it would c«»n- 


tinue to move with a constant velocity. On tfie other 
hand it might be said that a body would continue to 
remain in a state of absolute rest if \minlluunoed by 
external force. An application or two of those principhs 
may be considered. 


A carpenter hammers a nail into a board with two or throe 
smart blows. If he were to try and push the nail in, he would 
be unable to do so. But the hammer moving with .sharp 
quick strokes can easily overcome the resistance of the nail. 
At each impact its tendency is still to move onwards, and by 
reason of its Energy, it can do work. It drives the nail 
home. A man on a bicycle if he applies his brakes too hard. 
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is liable to go over the handle-bars. A motor-car if stopped 
too suddenly illustrates the same thing. The people riding 
in the car will be pitched violently forward, and the fittings 
of the breaks will be dislocated. The bicycle and the car 
are governed by Laws which may not be broken. 

We have used the term l£ncrgy above, and we must now 
look at it a little more closely. A definition of it would be, 
Capacity of doing Work. If a man lift a heavy weight from 
the ground, he may be said to have done Work. He has 
overcome the force of Gravity. This Work may be measured. 
If the weight be one Pound, the Work done is measured in 
terins of one Foot-Pound for every foot the weight is lifted. 
If a pound weight bo lifted twenty feet, the Work done is 
represented by twenty Foot-Pounds. 

There are two States or Conditions of Energy. In the 
one case, bodies arc able to do Work because of the Power 
and Pot cntiali ly of Work which they possess. This is known 
as Potential Energy. 

The weight of a clock before it is allowed to hang free 
is an instance. It is capable of doing work if you will let it. 
Directly it swings clear and begins slowly to descend, its 
Energy becomes changed into the second state which is 
called Kinetic Energy. The weight possesses Jtnergy in 
virtue of its being in motion. All rapidly moving bodies 
are sonrc'es of such Energy. A shell rushing through the 
air at a speed of thoxisands of feet per second, and a bullet 
from a riile arc instances. 

Energy is seen in various forms, such as the sun's rays, 
Mecrlianical Energy, Heat and Chemical Energy. And all 
these forms can be measured in terms of one another. Part 
of the Energy, for instance, in hitting a nail with a hammer 
is transformed into heat, and so we can take heat as our 
Unit of Measurement. This Unit is called a Calorie." 
It is the amount of heat required to raise the temperature 
of one gramme of water from freezing point oX to iX. 

The object of all transformation or conversion of Energy 
from one form into another is to do this with as little 
expenditure as possible. And it is here that the’ steam- 
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engine comes out badly ; only about one-clglith of the Fuel 
Energy being converted into Work. The loss fr(»in heat anti 
friction is very great. And this is seen all thiou.'.^h a I'vcli* 
of transformations. The Energy of burning coal is trans- 
formed into that of motion in the engine, and hcr.fe into 
Electrical Energy and reconverted again into .Mecliaiiical 
Work. But always there is some Energy which is i .'vpi jr It fl 
— on the wrong side of the balance sheet. 'I he seekers afu r 
Perpetual Motion sooner or later fall into this trap. 'I hey 
produce a wonderful machine which in soim* cases c.oiit imies 
in motion for quite a considerable lime. Ihit some of ilic 
Energy is converted into heat through friction (t<tr frit I ion- 
less it cannot be), and from whence can it be re]>l( ni.-iu d ? 
Sooner or later the machine stoics and to the invt.jitor ( (Jines 
disillusion. 

That there are illimitable sources of Jhieigy as l un- 
tapped we know to-day; the diflicnlty is to uiili/.e tin m. 
The Tides, the heat of the Sun, terrestrial Inal, k.idiiim 
with its gigantic stores of Energy lor.ke<l up in tin,' titom 
all these are potential sources. That they will com pete 
successfully with the energy desired from the <ombu iiMii 
of Coal is improbable, as far as wc know tit present, ( iiir 
daily food is a great source of Energy. Part of it is tran - 
formed into useful Work and agtiin, «is we .saw jdio\-i‘, 
partintoheat. Our very muscles when they contrael (.\hiltit 
the transformation of their Potential into Kint.‘(ic I'hieiK's', 
producing Work and Feat. It has been calculated that over 
30 per cent of the Energy is utilised as Work. If that be 
the case our muscles are more economical than the steam- 
engine whose output is about 10 per cent. 

Eneigy together with Matter is indcstruclihle. The 
products of a burning candle are exactly equal to the 1 lydm- 
gen and Carbon of which the candle is composed, together 
with the Oxygen which has entered into combination with 
them.^ And so it is with Energy ; we may transform one 
state into another, but nothing is lost. We can see trans- 
formations going on around us every day of our lives. The 
total amount, however, in each case remains unchanged. 
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Although the chemist is not unconcerned with the purely 
physical characteristics of Matter, his attention is chiefly 
directed to those properties which are the result of chemical 
change. Matter is transformed in various ways, and the 
nature and variety of these transformations, together with 
the Laws which govern the resultant phenomena, are 
especially the object of his inquiry. At the same time, since 
Modern Chemistry has invaded every branch of Science, 
the chemist is bound to take into consideration those 
questions and inquiries which formerly belonged to the 
domain of pure Physics. The Science of Spectroscopy, for 
iiistance, to which we shall allude later on, is an instance of 
this. By physical means diffei'ent kinds of Elements have 
been discovered and identified in the Sun and other heavenly 
bodies corresponding to those which it is the business of the 
chemist to investigate in his laboratory. And in his work 
concerning the transformation of Matter, the formation of 
new compounds and the analysis of old, the chemist is 
profoundly interested and concerned in those minute 
particles, the Atoms and Molecules which form the founda- 
tion of all material things. Of late years the researches in 
Radio-activity have, revealed new and wonderful properties 
of the Ultimate Atoms of Matter unknown before. The 
dream of the Alchemists concerning 'J'ransmutation does 
not api)car to be so vague after all. The ultimate con- 
stitution of Matter in which Chemistry and Physics join 
hands in exploiing, though largely in the hands of investi- 
gators in the latter field of inquiry, concerns the chemist 
also. As fresh substances arise, they come within the scope 
of chemical investigation. 



CHAPTER III 


THE CHEMICAL ELEMENTS 

The modem view of the Chemical Elomoiits dahs from ihii 
time of Lavoisier. In 1789 he writes : " If we iikmiu tint 
last term in analysis, then every substance wliicli we h;iv(! 
not been able to decompose is for us an elunu nt, md. i!:at 
we can be certain that bodies which wu regard as simple 
not themselves composed of two or even a I:ir,tter nmiibrv of 
elements, but because these elements can never l)e separal e< 1, 
they act as elements.” 

The Greek concept of Matter which, as wo baw* si i n, 
involved the consideration of the .so-cidled ‘‘ eh iiit nis ” 
Earth, Air, Fire and Water — suffered fjfjin one siuious 
defect. It presented no objective reality to the minds of 
men. In their outlook on the material world the <iiti ks 
paid heed not so much to the diverse thiiiKs of which the 
world was composed, as to certain properties and <ju!ditii s 
of the things themselves. Thus a body was hot or cold, it 
was dry or wet. 

To-day we look out on the world with clearer vision. \V> 
see, like the ancients of old, all the vast array of material 
substances of which the earth is composed, but wc arc able 
to arrange them all — solid, liquid and gaseous— into di'tinite 
classes by chemical and physical means. We deal, in fact, 
with realities, and not with mere abstractions. 

If we subject material things to chemical change and 
endeavour to decompose and break them up into simpler 
forms, we ultimately arrive at the simplest of all— bodies 
which we are not able to decompose into anything else. 
These ultimate bodies we call Elements. We include them 
all in one great dass, and the rest of matter we put into 
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another, and call the bodies composing it Compounds. These 
by suitable means can be broken up and resolved into 
essentially different substances. Thus we cannot break up 
gold into any simpler body, and so we include it among the 
Elements. We can split up water, ho\ve\"er, into its con- 
stituent parts, Oxygen and Hydrogen, two different bodies 
with different properties. But here the resolution ends. 
Oxygen and Hydrogen are therefore elements. 

In the early days of Chemical Science, there were many 
bodies which were looked upon as Compounds. But we 
know to-day that they are really Elements, And this is 
very natural, for we possess apparatus and methods of 
working of a degree of refinement quite unknown to the 
early pioneers. 

The element Chlorine was originally supposed to be a 
compound body containing Oxygen, and Scheele, its dis- 
coverer, called it Oxymuriatic Acid. But to-day we class it 
among the Elements. So, too, in the case of Potassium and 
Sodium. In the days of Lavoisier the relation betweon 
metals and their oxides gave rise to the supposition that 
there was some metallic clement present in such oxides as 
Soda and Potash, and indeed i]i all the alkalis and alkaline 
earths. They were, however, classed among the Elements 
until Sir Humphry Davy in 1S07 succeeded in decomposing 
fii'st the alkali Potash into Potassium, Hydrogen and 
Oxygen, and next Soda into Sodium, Hydrogen and Oxygen, 
by means of the electric current. Later on, such bodies as 
Calcium, Strontium, Magnesium and Barium were added to 
the list, elements compelled to reveal themselves from their 
oxides. Lime, Strontia, Magnesia and Barytes, by more 
refined methods of working. And as time went on, other 
elementary bodies were added to the general list, until 
to-day we find that the number of active Elements is 
between eighty and ninety. A few years ago it was thought 
that we had come to an end of any further discoveries. Then 
a series of profound events convinced us of the folly of such 
belief. We arrived by successive steps of scientific inquiry 
at the dramatic discovery of such elements as Radium, 
c 



34 The Chemical Elements 

Thorium, Polonium, etc., new substances with new proper- 
ties of a quite revolutionary order, ila.shcd upon an un- 
suspecting world. 

The Chemical Elements present to u.s such diver sr* degrees 
of properties and individual diaractcristics, and play surh 
an important part in the economy of Nature an«l in i»nr 
general life that, as far as this chapter is conci rui d, \vt* <-:m 
only look at them in a general way. W'c must re.-.i'rv<‘ a 
closer acquaintance with them until later on. 

Some of the Elements, such as (.>xyg<'n, Nitiogcn, 
Chlorine and others are gases. Some exist in tlu- li<)uijl 
state like Bromine and Mercury. Others like Iron, '/Auc, 
Lead, etc., are solids and arc classed as inolnJs. Some are 
widely distributed and occur in Nature in largt' t|uantilies 
like Oxygen, Carbon, etc . ; others arc rare and little known 
such as Tellurium, Vanadium, Erbium and the 15k«.>. All 
can be arranged and classified under one comprehensive 
scheme known as the Periodic S 5 ?slcm (Chap. .wii). 

The Elements which enter into the coinpo!,ili<in of the 
earth do not nmnber more than about a <lo/,i‘n «. 

of which Oxygen, Silicon, Iron, Culchuu, Alniniiiinm and 
Sodium are the chief. Oxygen forms a large; jn-ftportion of 
water by weight (eight-ninths) and Nitrogi.n foitr-lifilm of 
atmospheric air by volume. Carbon entens into th<; eaim 
position of all living things. It also combines with other 
Elements to form an exceeding great number of compfnind 
substances. Some of the Elements such as Muorino are 
very active ; others like Argon and other rare gastvs are 
inert and very inactive. 

Now, it would be very inconvenient in chemical work 
and investigation if we were compelled to represent the 
results in terms of the actual names of the Elements them- 
selves. We must have some kind of abbreviated nomencla- 
ture in order to express our results with freedom. 'I'hus it is 
that certain symbols have been adopted to represent the 
results of the interaction of the Elements with one another, 
single letters, or at the most two, represent the 
of individual elements. Thus we write O for Oxygen, N 
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for Nitrogen, H for Hydrogen. So, too, Cu for Copper and 
Ei for Bismuth. The origin of the names is often interesting. 

Thus, Chlorine is derived from Chloros : yellow-green 
(Grk.). In the words of Davy, this is one of its obvious 
and characteristic properties.'' Hydrogen, the px-oducer of 
water, is also derived from the Greek {hudZr : water ; 
gennao ; produce). Ozone, too, from Ozein : to smell. 
Gallium and Germanium are named from French and 
German discoverers respectively. Some Elements arc 
derived fi'om Latin, such as Cu, Copper {Cuprum ) ; Hg, Mer- 
cury {Hydrargyrum). Beryllium owes its name to Beryl, 
Potassium to Potash^ Sodium to Soda (K and Na, Kalium 
and Natrium). 

It is possible to divide the Elements into two broad 
groups — the Metals and the non-Metals. Iron, Zinc, Copper, 
Lead arc included in the first gi'oup, and Oxygen, Sulphur, 
Phosphorus, etc. in the second. From a physical point of 
view the two groups differ much from each other. The 
Metals arc good conductoi*s of electricity and heat, and arc 
capable of being worked in endless ways. Both they and 
their Alloys, like Brass, Bronze, etc., exercise a profound 
iiiiluence in modern life. The non-Metals are often gaseous 
and bad conductors of heat and electricity. 

From a chemical point of view the distinction between 
the two groups can be seen in the oxides which they form 
with the element Oxygen. The Metals combine to produce 
basic or alkaline oxides, the non-Metals acid oxides. In 
the first case we have compounds which neutralise acids, 
like vSoda and Magnesia. In the second we get compounds 
sour to the taste, and capable of being neutralised by a 
base like Soda. At the same time we cannot draw any 
absolute distinction between the two classes* Some 
elements like Antimony and Arsenic form both acid and 
basic oxides. 

The Elements may also bo divided into what are known 
as electro-positive and electro-negative groups, correspond- 
ing to the behaviour of their compounds in Electrolysis, or 
decomposition by the electric current. For there the metal 
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appears at the negative pole or electrode and is styled 
"electro-positive,” whilst the other components appear at 
the positive pole and are called “ electro-negalive.” 'rite, 
position of Hydrogen is curious. It is classed among.sl the 
non-Metals but it is electro-positive in character, and more 
nearly resembles a metal than any other element ^Yith w Inch 
we are acquainted. 

The object of the chemist is to study and find out all 
about these elementary bodies which we have been looking 
at, and to discover what is the result of dilTerent ekum iits 
or compounds interacting witii each 
other. Then, too, the pn)p('rtios of 
the various substanci'.s formed nin.sl 
also be examined. This is done by 
subjecting the bodies under examina- 
tion to ph5esical and cheniieal changi.*. 
There arc great differences ludweeii 
these two forms of procednrt*, aiifl 
there arc also re]ation.s between Uiem 
which at first sight arc not so 
apparent. 

If we take a piece of Iron niifl 
„ „ strongly heat it, pcrhap.s to redtun.'s, 

Heated refuses to and then allow it to cool down wc 
I^^^hrough Circular shall find that it will return oiui,; more. 

to its former state. Its propertie.s 
remain unaltered. If we carefully measure the bar wlien 
hot we shall notice an increase in its length. When t old 
once more that increase is lost. The change i.s not pt'rum- 
nent. So also, if we take a metal ball (Fig. 4) whicli wht'n 
cold will pass easily through a circular opening, and heat it 
strongly, we shall find that it will no longer do so. On 
cooling, however, it resumes its former size. 

Here, again, the change is not permanent. If the piece of 
Iron were melted down to a liquid and allowed to cool, the 
resultant mass would still be Iron. It would have suffered no 
permanent change or transformation. Its composition would 
remain unaltered. Let us take it once more and after coiling 
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a length of insulated wire round it, let us join up the ends to 
an electric battery (Fig. 5). On passing the current we shall 
find that our piece of Ii’on has now become a magnet and is 
capable of attracting iron filings. But when the current is 
cut off these filings at once drop down. The Iron has lost 
its magnetic properties. It does not permanently retain 
them. If, however, the Iron be exposed to the action of air 
and moisture for some time, it will gradually suffer a change 
and become coated with a deposit of rust. It has combined 
by chemical affinity with the Oxygen of the air to form an 
Oxide, a compound with new properties. The Iron has 
partly disappeared and its place has been taken by a new 
substance. This is chemical change and it has permanently 



Fig. 5, Ikon Bar rendered J^Iagnetic by Electric Currents 
AND Capable of attracting Iron I^'ilings 

affected the Iron. The other forms of change are physical 
and have no endnring qualities. 

The number of compounds which the chemist is able to 
produce from the Elements and their various combinations 
is very great. An endless series of transformations of 
Matter .spreads over out before us. By Natural processes 
often hidden from our eyes, on the .surface of the earth, in the 
dark hidden depths below, in our very bodies themselves, 
under the waters of oceans and seas, in laboratories and 
factories. Matter is being changed and transformed into 
countless substances, compounds, often very complex in 
character, and the transformations effected are definite, for 
this is the very essence of chemical change. The elements 
combine only in certain proportions fixed by certain laws 
and there are no intermediate products. The rust on our 
piece of Iron is one specific form of combination. We may 
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have other Oxides, it is true, the result o£ a combination 
•with Oxygen in some other proportion by weight, but tlie 
same principle holds good. 

The various forms of Energy such as Eight, Ht'rit, 
Electricity, etc., are all capable of effecting clieiiuctil change 
in bodies, and thus it is that the chemist of Ion employs 
purely physical processes in his invesligafions of Uie 
properties of Matter, When Light falls upon a hotly parf of 
the Energy hy absorption is transformed int<j Ih-at. The 
body becomes warm, and often chemical action takes }i!a<;o 
under the influence of such radiation. A mixture of 
Chlorine gas and Hydrogen will unite and combine in sun- 
light with an explosion to form Hj^drochlorio A<ud. lle.-H, 
too, produces chemical change. A little red O-xide (»f 
Mercury heated in a test-tube will give ns Oxj-gi n and 
Mercury, two substances with cntinly frish pntpeities. 
Electricity, too, is capable of splitting uj) wnler into its 
constituent gases. Oxygen and Hydrogen, and tlie elieinist 
is always open to make use of any of these agents if it si tits 
his purpose to do so. 

Physical and chemical changes are related to tme another. 
Our very bodies tell us this. The 0.xygen of the air in 
respiration circulates through the lung.s, aerating the Idood, 
and, combining with the Carbon, produces hesit hy oxidti- 
tion. This and the consumption of food help to keep up the 
temperature of the body and replenish its stores of energy. 
The fire in our grate, radiating out its pleasant warmth into 
the room beyond, is another instance. Heat tlifftises 
through our bodies, but all the time chemical change is 
taking place in the ^ate. Gases and volatile protlucts, llit; 
result of d^omposition, pass rapidly away, leaving mere 
ashes and cinders behind. The coal has disappean'd. itut 
in doing so it has produced a physical change in our hodies, 
and, moreover, has been transformed into new substances 
with new properties. 

The S3nmboIs or distinctive letters attached to each of the 
Elements are not only representations of their names in an 
abbreviated form, but they also have a quantitative 
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signification as well. Thus Cl is one atom of Chlorine and 
its weight, if Hydrogen be taken as unity (approximately), is 
35'46. C is one atom of Carbon, and its atomic weight is I2, 
A reference to the table of Elements will make this clear. 
A collection of atoms forms a molecule. Thus a molecule of 
water is one in which one atom of Oxygen is combined with 
two atoms of Hydrogen. One molecule of Ammonium 
Chloride (Sal-ammoniac) consists of one atom of Nitrogen, 
four of Hydrogen and one of Chlorine. And these molecules 
represent the smallest part of any of these substances, water 
or Sal-ammoniac, which can take part in or result from any 
chemical change. 

So far we have been dealing with single molecules. A 
numeral before them increases their number. Thus we can 
have two molecules of Hydrochloric Acid added to one of 
Zinc, and as a result we shall get one molecule of Zinc 
Chloride and one molecule of Hydrogen. Moreover, the 
sum of the atomic weights on both sides will be 
equal. 

If a formula contains only two Symbols, the name of the 
compound generally ends in ide. Thus we have Lead 
Sulphide or Sodium Chloride. Sometimes a Symbol is 
repeated in a compound and the prefix tells us the number 
of times this occurs. 

Thus we have : — 

Mon=Once {monos, single, Grk.) : Carbon-mon-oxide. 

Di==Twice {duo, two, Grk.) : Carbon-di-sulphide. 

Tri==Thrce {iria, three, Grk.) : Phosphorus-tri-chloride. 

Tetra— Four {lettara, four, Grk.) : Carbon-tetra- 
chloride, 

Pent==Five {pcnle, five, Gi*k.) : Phosphorus-pent-oxide* 

If wc have two compounds consisting of the same 
Elements, and if one contains more Oxygen or Phosphorus, 
etc., than the other, the compound which has the larger 
proportion of the Oxygen, etc., ends in ic and the other in 
ous. 
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Thus 

Nitrous Oxide==one atom of Oxygen. 

Nitric Oxide = two atoms of Oxygen. 

Phosphorous Acid=thr’ce atoms of Oxj’gen. 

Phosphoric Acid=four atoms of 0.v\'geii. 

Ferrous Sulphate=four atoms of Oxygen. 

Ferric Sulphate ^twelve atoms of Ox\'gcn. 

Sometimes in a series of compounds the propfirtien of 
Oxygen is indicated by the prefix per (/>cr, 

Latin). Thus; Iron per-oxide when the prop<jriiiin of 
Oxygen is higher than in the lower Oxide — Feri'mis 0:<id(.‘. 

Sometimes'the prefix hypo (hitpo, under, Grk.) is ^I^ed to 
denote a compound having a lower proportion of Oxy;-ii,‘n 
than another. Hypo-chlorous Acitl has loss O.xygcn than 
Chlorous Acid. 

The names of Salts depend upon the Acid.s from which 
they are derived. Acids ending in ic ha\'c Falls in alo. 
From Nitric Acid we got Nitrate of PolnsHimn. Acids 
ending ous, however, give us Salts in ito. Nitnni.s .\ci<l j'ivo 
us Nitrite of Potassium. 



CHAPTER IV 


CHEMICAL COMBINATION. HOW THE ELEMENTS 
COMBINE WITH ONE ANOTHER 

Chemistry is not so much concerned with the investigation 
and consideration of substances which suffer no mateiial 
change as it is with those bodies whose composition is 
affected by means employed to that end. New substances, 
too, which are the result of the chemist's labours, are 
especially objects of examination. 

The chemist takes Elements and by various means at his 
disposal causes them to combine together to form fresh 
compounds. He studies the properties of these compounds 
which are the result of the chemical change to which they 
have been subjected. Compounds also are taken and caused 
to react with other Elements or Compounds to produce 
again fresh substances. At the same time the chemist 
finds that his operations are governed by certain Laws, 
definite and well defined, so that his work is by no means 
haphazard or irregular. This is seen in Chemical Com- 
bination as well as elsewhere. Some of these Laws are 
common both to Chemical and Physical operations. They 
govern the changes wJiich take place when those little 
particles of Matter — the Atoms and Molecules — are com- 
bined together {^ide Chap. v). 

And here it is necessary to form clear ideas as to what we 
mean by bodies compounded or made up of various Ele- 
ments — Chemical Compounds as they are called. Other- 
wise we might be misled into regarding them as mere 
Mixtures. 

Suppose that some fine filings of Iron are mixed together 
with an equal weight of powdered Sulphur or CharcoaL 
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It woiild be possible to separate the one from the other 
without the necessity of any chemical operation. On 
carefully looking at such a mixture with a lens, or even with 
the naked eye, it would appear to be full of little dots of 
yellow and black ; and a magnet held close above the 
mixture would abstract and bring out aU the Iron filings, 
and only the Sulphur and Carbon would remain. 'I'he 
individual properties, too, of the components of the mixture 
remain unaltered. Again, a mixture of sand and sugar can 
be made in any proportions we like, fonning a dull grey 
powder. If a small portion be placed upon the tongue, Ihe 
sweetness of the one and the grittincss of the other will 
tell us that they are mechanically mixed, the one with the 
other. We can grind them up as much as we like, reduce 
them to the finest of powders, but the individual particles 
still retain their own characteristics. With chemical com- 
pounds it is otherwise. 

Much may be learnt of various substances by causing 
them to combine through chemical action. The r<*sults ans 
known as Compounds, and they differ entirely from mere 
mechanical Mixtures. They all pos.sess a definite com- 
position, and are always united in definite proportions. 

Suppose that some Iron and Sulphur be heated logetlu'r 
very strongly; veiy soon the mass becomes red hot, and 
after cooling down it may be examined, A dark compound 
is the result ; it is Iron Sulphide ; the two Elements have 
combined together to form a Compound utterly unlike the 
original constituents. They have disappeared aUog<fthor, 
vanished into a substance with fresh characteristics. Tht'ir 
identity is lost. The composition of the new substance 
will always prove to be the same. It will bo found to contain 
seven parts by weight of Iron to four parts of Sulphur. 
A variation in the weights of the original Elements will but 
give us the same results. If equal weights be taken, some 
of the Sulphur will be left over. It would combine with the 
Oxygen of the air and pass away as a gas with an unpleasant 
smell. If an excess of Iron be taken, some of it would 
remain as an Oxide. 
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Take the case of ordinary Water. This is a distinct 
chemical Compound formed by the union of Hydrogen 
and Oxygen in the proportion of one part of the kill or to 
two parts of the former. And always its composition 
remains invariable. 

We may therefore say that in Chemical Combination tlic 
Elements always unite in fixed and definite proportions. 
And this is a fundamental Law in Chemistry. Us definition 
is complete. The weight of the Sulpbido mentioned alcove 
is equal to the sum of the weights of the original lUemeiits. 

Such an experiment where eleven parts of a Coinj^mnd 
are formed from seven of Iron and four of Sulphur, and in 
the case of water nine parts by weight from ciglit of Oxj'gen 
and one of Hydrogen lead us on to further considex'atioiis. 

These equivalent weights, as they arc called, of all 
Elements can be expressed in terms of one common standard, 
and it is usual to take lIydr*ogen as unity i. Thus the 
equivalent weights of Oxygen, Iron, Snlphui', Nilrogtni, etc. 
are S, 28, 16, 7, etc. 

Now, many of the Elements have more than one weight 
since the same Elements give rise often to more tbaii one 
product. Oxygen and Nitrogt*n form live different com- 
pounds, while Copper combines with Oxygen to form two 
distinct compounds — Cuprous and Cupric Oxides. In the 
former eight parts by weight of Oxygen arc united to sixty- 
three of Coixpcr, and in the latter to 31*5 parts. "J'hus we 
have two equivalents in the ca,sc of Copper, 63 and 31*5 ; 
and these numbers are simple multiples of one another* 
They illustrate the Law of Multijile Proportions. If two 
Elements form compounds with cadi other, the masses of 
one that combine with a fixed mass of the other bear a 
simple ratio to one another. 

Take the case of Nitrogen with its five different compounds 
of Oxygen. In the first, 14 parts of Nitrogen Gas ai*e com- 
bined with 8 parts of Oxygen ; in the second with 16 of 
Oxygen ; in the third with 24 of Oxygen ; in the fourth with 
32 ; and in the fifth with 40 of Oxygen. In other words, the 
figures bear a simple relation to one another of x, 2, % 4, 5* 



44 Chemical Combination 

When bodies combine together to form fresh substances, 
they do so under varying conditions. The change may 
take place in a moment as when Oxygen combi lies witli 
Hydrogen to form water. Unless precautions arc taken to 
avoid it, an explosion announces the fact. On the other 
hand it is possible to cause two gases to combine together in 
the quietest way possible. Thus Ammonia Gas ami Hydro- 
chloric Acid will combine ndthout any inconvenience to 
form a dense white cloud of Ammonium Cliloride (Sal- 
Ammoniac). Thus we get from two colouile.ss gases a soIi<l 
body by Chemical Combination. At the same time heat is 
evolved (Fig. 6). 

If a piece of Sulphur be burned in a jar of Oxygm Gas, 
it will form Sulphur Dioxide, a compound of Sulphur ami 
Oxygen. A beautiful blue light is seen at the time, Init 
there is no explosion. The action, however, i.s .«oon <ivi'r. 
On the other hand, if a piece of clean Iron be e.vposed to t lu; 
air outdoors it becomes “ rusty,” and from its surface lit tie 
scales of a compound of Iron and Oxygen may be s.cniped. 
But the action takes some days or even weeks to accom- 
plish. 

One of the signs of Chemical Combination is the evolution 
of heat. Indeed, this is one of its chief characti'ristii's. 
We have seen above that a mixture of Iron and Sulphur 
if heated begins to glow strongly under the influence of (lie 
chemical action to which it is subjected. Much heat is 
evolved. It was heat w'hich caused the combination to 
begin and helped the chemical action. Then the wlu ile ma ss 
spontaneously becomes red-hot, and it is somt' little time 
before the action quietens down. Again, if a piece of 
Phosphorus be placed in a jar of Oxygen (Fig. 7), the action 
is sometimes so unrestrained that the Phosphorus will taki: 
fire spontaneously in its eagerness to combine with the 
Oxygen. When this happens, both heat and light are 
evolved. 

Not all examples of combination, however, produce such 
results. The heat, for instance, emitted by a bar of Iron as 
it slowly rusts away is very little, by comparison, though 
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there can be no doubt that it is emitted. On the other hand, 
if Iron, in a minute state of division be shaken into the air, 
it will often become red-hot. 

If it be true, then, that heat is produced by Chemical 
Combination, such heat must possess Chemical Energy, 
And this can be transformed in various wuys, for instance, 
into Motion. Thus we get our steam-ongino woi'king through 
the burning of Coal. All i>lant life, too, is an example of this 
fact. In building up its cells and tissues, tlic plant obtains 
Energy from the heat of tlie Sun, and the total amount is 
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tinchangcciblc. 'I'nmsformaUons lake place in majiy 
difftrcnl ways, but liny arc all subject to the great Law of 
Conservation of limagy. There ri\ay bo many different 
forms of ICnergy, but they arc all converted one into the 
other without loss. So, too, in the tninsformation.s of Matter, 
the chemist knows that in such cases, there is neither gain 
nor loss of any of the material which he uses. The Mass 
remains constant. 

An interesting result of Chemical Combination is seen in 
the formation of new substances, with new properties, and 
that, too, under tmlikoly conditions sometimes. The 
combination of Oxygen and Hydrogen, two colourless gases, 
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to form with an. explosion little drops of water, one of the 
commonest substances in the w^orld, is sufficiently astonish- 
ing to the person who has never witnessed the cxpcrinicnt. 
To the savage in the primeval forest it would be put down 
to the workings of an evil spirit. 

The myriad forms in which Combination occurs, tlm.s 
furnishing us with substances of evorj^ degrccj of compK xily, 
the study of their properties, and the reactions to wliich tluy 
may be subjected, all this and far more it i.s tbo busint-.ss of 
the chemist to investigate. The process never ends ; new 
bodies with entirely new properties arc the prtjclucts of our 
laboratories to-day ; it will be the same as the years go on. 
The gain to the human race will be vciy great. 

And yet if we consider the Elements which unite to fi irin 
those innumerable compounds to which we have alluded, 
we cannot help being struck by the fact how very ft‘w tli'To 
are, comparatively, which cuter into tin? conip(tsitioii of 
those bodies. By far the greater iniinlier of ordinary 
compounds with which we arc ac<iuain<ed ar(t combination'/, 
of Carbon with such elements as Oxygen, Hydrogen and 
Nitrogen. Of them all, the element Carbon <.nters into 
combination with the greatest iiuml.)er of snl):dane»>s. 
Indeed, without it there would be an end idlng<-tliei to 
Organic Chemistry — the study of the Carbon compounds. 

If Combination consists of those reactions bet wi i n vai ions 
elements which we Imve outlined above, Dcconiimsition i.s 
the reverse of this. Bodies are split up into llnir oj'iginal 
constituents or into fresh substances. Thus in a sint])le 
electric battery consisting of Zinc and Copper plates stand- 
ing in Sulphuric Acid (Fig. 8). the liquid is decomposed into 
Hydrogen which is given off at the Copper plate ami 
molecules of Sulphur and Oxygen which with the Zinc form 
Zinc Sulphate. Thus a double decomposition of liquid and 
metal takes place with the formation of an electric current. 
If some chalk be dissolved in vinegar it will gradually decom- 
pose and finally disappear. A gas called Carbon Dioxide 
will be given off with entirely different properties. Salt and 
Sulphuric Acid will give us a pungent, acrid gas called 
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Chlorine, and a solid known as Sodium Sulphate* Both are 
very different from the original substance. 

In chemical combination heat is often evolved. So, too, 
in decomposition, and sometimes spontaneously. Thus 
quicklime if it be exposed to the influence of air and damp 
will quickly attract all the moisture possible, fall to pieces 
of its own accord with evolution of heat, and be decomposed 
into what is called Slaked Lime. Sometimes we can replace 
one Element by another, make them change places in fact, 
as the result of Decomposition. If we pass water in the 
form of steam over Carbon heated to a very high temperature, 
the water will give up its Hydrogen, and the Carbon will 
take its place. 

The result is Carbon-mon-Oxide and Hydrogen. We 
mentioned above that water can be decomposed. When 
this takes place it is found that one volume of Oxygen 
appears with two volumes of Hydrogen. These are known 
as the Combining Volumes, and they always bear to each 
other in every case the same simple relation. I'hus in the 
Oxides of Nitrogen already mentioned, in the first we have 
two volumes of Nitrogen united to one volume of Oxj^'gen, 
while in the third we have two volumes of Nitrogen to 
three volumes of Oxygon, and so on. 

In the case of Hydrochloric Acid, a combination of 
Hydrogen and Chlorine, we liave one volume of Hydrogen 
united to one vohxmo of the latter gas. In Ammonia Gas, 
one volume of Nitrogen is united to three volumes of 
Hydrogen. 

As in the Chemical Combination by weight, so too we 
find in the combining volumes of gases that they are just 
as definite and fixed. 

It is now necessary to consider another feature of Com- 
bination, We have scon that different elements combine 
with one another to form varioxis compounds with character- 
istic properties of their own. It has been found that the 
atoms of the Elements when combining unite with one 
another with different powers. 

Take, for instance, the compounds of Chlorine, Oxygen, 
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Nitrogen and Carbon with the element Hj^drogen as 
expressed below : — 

In the first compound. Hydrochloric Acid, one atom of 
Chlorine unites with one atom of Hydrogen to form one 
molecule of the gas. In the second compound. Water, one 
atom of Oxygen unites with itsjo atoms of Hydrogen to 
form one molecule. In the third, one atom of Nitrogen 
combines with three atoms of Hydrogen to form ftne molecule 
of Ammonia Gas. And in the fourth compound, ilar.sli Gas, 
one atom of Carbon unites with four atoms of Ilydi'ogen 
to form one molecule of gas. 

From this we see that the atoms of Chlorine, Oxj’gcn, 
Nitrogen and Carbon possess different powers of uniting 
with or holding in Chemical Combination the clcnicut 
Hydrogen. 

We say, then, that in the first compound, the Clilurinc 
atom can only bind one atom of Hydrogisn to itself, ft i 4, 
as we say, Univalent (Lat. untts, one : valcrc, to haw pou'er). 
In the second compound the Oxygen atom can bind two 
atoms. It is di-valent (Lat. duo, two : ruilcrc). In the third 
case the Nitrogen atom has three timc.s the po^vt.-r of 
uniting. It is tri- valent ires, iria : vulerc). And in Ihc 

fourth compound the Carbon atom ha.s four tiaus tliu 
power. It is quadri-valent {LaX. quatttior : valcrc). 'I'heie 
are, however, atoms which have greater powers than tluso, 
but we must consider them in terms of another ehnuent 
save Hydrogen, for no element combines with inont than 
four atoms of that gas. We must take Oxygen, sinc<' most 
elements combine with it. We find that there are ek'inent.s 
which hold five or more atoms in combination. 

But there is a limit to the binding powers of atoms. 
Seven (or possibly eight) is the highest. Hydrogen (and 
Chlorine) one. For the most part Hydrogen is taken as 
Unity. Some atoms possess more than one power — Carbon 
which is quadri- valent is sometimes bi- valent (power of two), 
as in Carbon-bi-sulphide. One atom holds two of Sulphur 
in combination. So, too, in the atoioas of Iron and Sulphur. 
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The rare gases Argon, Neon, etc, possess no powers of 
uniting with other elements. They are dull, sluggish, inert. 

There is, therefore, not the same exactness with regard 
to the binding powers of atoms in combination as wc saw 
in the case of combining weights and volumes. The measure 
of the power of atoms to unite with other atoms is not 
fixed and definite. The veiy temperature, for instance, 
causes a variation. But the principles enunciated are 
useful in their way. They help us to classify the atoms of 
elements though we cannot say what intrinsic property 
gives them their individuality 

Sometimes the chemist wishes to find out the composition 
of some compound which has resulted from the combination 
of various elements together. This he does by Chemical 
Analysis 

Without going into unnecessary details, a mention may be 
made of the way in which such a process may be conducted. 

A body may be dissolved in water to form a solution and 
then subjected to chemical reaction by means of the 
addition of acids, gases or other means. In other words, the 
body is subjected to chemical change which causes, perhaps, 
a precipitate to fall which can be collected and examined. 
Not all bodies behave in the same way. Certain bodies are 
insoluble in water and some acids. Others are soluble, and 
thus we can subject the solution to other agents such as 
gases, etc., which cause chemical changes to come about. 
In all such cases we obtain reactions or results of changes 
induced by various processes. The effect in each case is 
carefully observed, and by these means the chemist is able 
to classify and arrange various substances in relation to 
the tests to which they have been subjected. Thus it is 
possible to discover whether a body contains Iron or Gold 
or Arsenic or any other element. 

When this question is settled the chemist will try and find 
out whether the Iron or other element is combined in the 
form of a Chloride, or Nitrate or Oxide, or in any other form. 
In each and every case it is possible to determine accurately 
the composition of the original substance. And in conduct- 

D 
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ing such an Analysis, we may arrive at two different con- 
clusions. 

We can simply determine what substances are present 
in the original body without determining the relative 
quantities present — or we may also say in \vhat proportions 
they are present. The first method would bo a Qualitative 
Analysis, the second method is a Quantitative one. 

Suppose that we have a small quantity of a white jiowdcr 
and we want to find out what it is — to make a Qualitative 
Analysis of it — we might proceed as follows : — 

Some of the substance is heated. It docs not melt, but 
crackles slightly. We now see if it is soluble in water. ] ( is 
soluble. Hydrochloric Acid causes no change. Sulplniref led 
Hydrogen gives no precipitate. Sulphuric x\eicl causes a gas 
to be given off from a portion of the solid substance whicli 
fumes in the air. This looks as if the substance was Clilcride 
of Sodium, since the reaction is a familiar one. To mabe 
sure that it is a Chloride, we add to some of llnj <»i'iginiil 
solution a little Silver Nitrate in solution. A di'use wliiic 
precipitate of Silver Chloride occurs. The sub.stauct! i> a 
Chloride, and probably that of Sodium. It might , howtu'cr, 
be the Chloride of Potassium. To make siuo we take a 
platinum wire and, dipping it in the solution of the bubstaino, 
hold it in the colourless flame of a Bunsen-burner. 'J'hc fin me 
is coloured an intense yellow — Sodium is present. E.\a!nuie<l 
with a spectroscope we should find that the Spuctriiin is 
crossed with a bright yellow line. It is the well-known 
Spectrum of the metal Sodium. Potassium would have 
coloured the flame purple and the Spectrum would r(^v^;i^l 
two bright lines, one at the extreme red and the other at (ho 
extreme violet. The substance is evidently Sodium Chloride 
or common salt. 

Again, suppose that we want to find out how much Sodium 
is present in 6o grams of the salt which we have analysed. 

Salt is composed of Sodium and Chlorine, of -which the 
atomic weights are 23 and 35-5 (approximately). 

Hence 58-5 grams of Sodium Chloride give us 23 grams 
of Sodium, and 60 grams will give us 23’5 grams. 



CHAPTER V 


ATOMS AND MOLECULES: THE WORLD OF THE 
INFINITELY LITTLE 

The researches which have been made of late years into the 
constitution of Matter and the startling results which have 
been promulgated — results which require many of our old 
ideas to be modified — make it necessary to look a little 
closely into the question of Atoms and Molecules, An 
acqrTaintance with them from the chemical point of view 
will pave the "way to a more intelligent appreciation of the 
labours and results of those Physicists who have done so 
much to unravel the mysteries of Matter. 

We saw in the last chapter that when different elements 
unite together to foi'm compounds, they do so in fixed 
proportions, and each of them possesses a fixed combining 
weight. This is known as the Law of Definite Proportions. 
It tells us that the composition of a chemical compound is 
definite and constant. And it lies at the very root of the 
principles of quantitative analysis. From the uniformity 
of the composition, say, of Silver Chloride, we can determine 
the amount and percentage of Silver present in a shilling or 
sixpence by precipitating the Silver in it as a Chloride and 
weighing it. The amount of the metal present in the coin 
can then be deduced. But we could not do this with any 
degree of accuracy if we did not know that the composition 
of Silver Chloride consists of 35*46 parts of Chlorine com- 
bined with or united to 108 parts of Silver. And in those 
cases in which by combining various elements together we 
get not only one compound but in some cases two or more 
products, we find that our operations are governed by 
another important Law, that of Multiple Proportions. These 

S* 
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Laws have been subjected to much examination and 
experiment and their truth is abundantly confirmed. 

John Dalton, of Manchester, was the first to enunciate the 
Laws we have mentioned, and he based on them his Atomic 
Theory of Matter. This was based on the old Greek con- 
ception that it was possible to divide up Matter to such on 
extent that finally there only remained its ultimate particles. 
By a system of division and subdivision we can imagiuc it 
to be split up and resolved into infinitesimal particles, until 
at last the limit of resolution would be reached. I'his was 
the theory held by the Greeks, and Epicurus, the Attic 
philosopher, held the view, for which he was arraigned, that 
the world was composed of material atoms. Lucretius, 
another philosopher and poet, who was a warm supporter of 
the tenets held by Epicurus and his followers, developed in 
his " De Rerum Natura ” a theory on the nature of tlic 
world. He believed that it was an absolute void and 
composed of minute atoms. These imlivisible atoms 
{aiomos, indivisible, Grk.) were supposed to be invisildc 
and to be infinite in number. They could not be dcstro 5 'cd 
and, moreover, possessed certain shape and weight. '1 lie 
Greeks imagined them always to be falling through space 
and rebounding against each other 

Dalton revived the ancient theory of the subilivision of 
Matter, and taught that all tlie little particles in an element 
are exactly alike in size and weight, etc., and that they 
are imperishable and unchangeable. Of them the whole 
universe was constructed. Every chemical operation such 
as the combining of elements together to form compounds, 
etc., postulated their existence. Their number, however, was 
finite. One could divide up Matter to a certain point and 
then a limit was reached. Matter possessed a structure 
which was " grained ” or discrete,” and “ small shot ” 
was the resemblance attributed to the little particles of 
gases. These would fill the whole of a containing vessel. 
Dalton’s theory was of enormous importance in establish- 
ing the definite character of chemical combination. 
According to the theory atoms of a certain weight combine 
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with others of a certain weight in definite proportions, and 
all fractional parts are inadmissible. Thus combination 
cannot take place in any uncertain and haphazard way, but 
only in obedience to the Laws of Definite and Multiple 
Proportions, 

Now, since the ultimate particles of a substance like 
Hydrochloric Acid consisting of the elements Hydrogen and 
Chlorine might be further decomposed into these con- 
stituent bodies, the smallest particle of such a compound 
capable of existing is termed a Molecule. It is made up of 
Hydrogen and Chlorine atoms. Look at a familiar substance 
like water. The smallest particle consists of two atoms of 
Hydrogen united to one of Oxygen. The molecule thus 
consists of three atoms. Other substances contain more. 
Thus Ammonia contains four atoms, and Sulphuric Acid 
seven atoms. Some organic compounds contain a great 
many more. Glycerine, for instance, contains fourteen 
atoms, and Cane Sugar no less than forty-five. 

That citrious modification of Oxygen called Ozone 
contains an extra atom, which is always liable to fly off. 
In doing so it displays very active powers. These single 
atoms which we do not find existing often by themselves 
are spoken of as being in the Nascent State {nascor, am born, 
Lat.). In the case of Ozone, the liberated atom possesses 
strong oxidizing powers. Chlorine is a gas which has the 
property of bleaching cloth, paper, etc., but only in the 
presence of water. It then combines with the Hydrogen 
and sets free the Oxygen which at the moment of its libera- 
tion from molecular bondage acts upon the colouring matter 
present in the cloth or paper and destroys it. 

In a preceding chapter (Chap, ii.) we have seen that all 
bodies, solids, liquids and gases consist of incredible numbers 
of minute little particles — the molecules — which are in a 
constant state of motion. Tightly packed in a solid, less 
strongly held in liquids, and possessing the greatest freedom 
of movement in gases, they are ever colliding against and 
rebounding from one another. And although they are so 
minute that their diameter is five thousand times smaller 
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than the most minute object visible in the microscope, yet 
the so-called " Brownian Movement ” revealed their 
presence in liquids many years ago (Chap. ii). 

The invention of the Ultra-microscope has cnalsled 
investigators to examine these movements with a greater 
degree of accuracy. It was showm by Bhrenhaft that tliis 
phenomenon of particles dancing about as it were in all 
directions was not confined exclusive^ to liquids, lie 
caused a strong charge of electricity to pass between silver 
poles and thus produce in the surrounding air a dn^t of 
exceedingly fine metallic pai'licl(.‘s. Their mo\’ements 
corresponded to those observed in liquids, but they exhibited 
a greater freedom. Later on Perrin, in some very ingenious 
experiments by means of an emulsion of gamboge in water, 
conclusively established the objective reality of those tiny 
particles. And indirectly he proved the truth of the Kinetic 
Theory of Matter {kinco, move, Grk.). Tlio Molocuk'S are 
always in motion. If a body he raised to a wliitc lu'at, it 
has been calculated that the molecules w'ill vibrato with a 
rapidity of the order of six hundred million million tiim prr 
second. The size of Molecules is iniinitoly smal!. Ami 
fifteen thousand million million million of them woiihl only 
weigh (so it is supposed) about a grain. 

We must conceive every hcatt;d body to be the seat of 
very energetic molecular vibration. And if this bti so we 
can see how it is that heat produces expansion. Increasti 
of the vibration of the little particle.s drives them further 
and further apart from each other and so the body expands. 
And this we observe also in the case of liquids ami gases. 
In this latter state of Matter, the little molecules fly about 
like little balls with enormous speed in every direct ion. In 
the case of Hydrogen Gas, the number of collision.s in terms 
of millions per second has been calculated to be about 7fkio, 

The little particles which Dalton conceived to be the 
ultimate units of Matter and to which he gave the name of 
Atoms («, not ; temnd, cut, Grk.) suggested to him that 
their relative weights must be considered in terms of their 
combining weights. In that case, if Hydrogen be taken as 
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unity, Dalton suggested that the Atomic weight of Oxygen, 
for instance, was 8, the molecule of water containing an 
atom each of Hydrogen and Oxygen. But he was not quite 
right in some of his conclusions. For he could not say with 
any degree of certainty how many atoms there were in any 
chemical compound, but assumed that atoms of the one 
element were all joined up to atoms of the other element, 
as, for instance, in water. In this case the ratio of the 
combining weights is 8 to i (Oxygen and Hydrogen). 
Seeing that the molecules of gases are ever in motion and 
the fact that they are capable of expansion and contraction, 
Gay-Lussac endeavoured to place the Atomic Theory of 
Dalton upon a firmer foundation. For in spite of all that 
he had done and the rules which he had laid down, he felt 
that his theory was not correct. 

Does a molecule of water contain only one atom of each of 
its constituent elements ? Gay-Lussac showed that the 
volume of a gas varies with the temperature. If, for instance, 
the temperature be raised i° C. the volume is increased by 
part of that occupied by it at o® C. Now, Boyle had 
previously found that the volume of a gas varies also 
according to the pressure applied to it. If we double the 
pressure, we decrease the volume one-half, or if we halve 
the pressure, the volume is doubled. Thus we see that the 
volume of a gas is inversely proportional to the pressure. If 
we increase the pressure, say, four times, the volume is 
immediately reduced to one-fourth. In all cases there are 
certain corrections to be made for temperature, atmospheric 
pressure, etc. In the second of these factors, since the 
barometric pressure is continually varying, the volume of a 
gas under examination must be corrected in terms of the 
variation. So, too, in the case of water, vapour, etc. All 
must be taken into account in order to obtain a correct 
reading of the volume. 

From what has been said about the expansion and con- 
traction of gases, it is evident that if the temperature of a 
gas be reduced to — 273®C. the volume would be reduced 
to zero. No further diminution would be observed. For 
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if the volume be cooled to — i°C. it will be decreased by .j-, 
the pressure remaining constant all the time. Then if it be 
cooled to —2° C. the volume will be reduced by ^ f and so 
on, the pressure still remaining constant. Thus at a tempera- 
ture of —273° C. the volume would be reduced to zero and 
the temperature, —273'’ C., would be the Absolute Zero. 

We can hardly imagine the thermometer sinking to stich 
icy depths. Even Science with all its triumphs has not 
achieved this result. The boiling-point of Helium i.s the 
nearest approach, —268° C. It is probable that all moh.-cular 
activity would cease at such a temperature, that the n’slh ss 
movements of all tho.se myriad particles in solid.s, liijuids 
and gases, would come to an end, that Matter would be at 
rest. 

The experiments of Gay-Lussac led him to enunciate a 
Law of Volumes which further elucidated the theory of 
Atomic weights. This law states that " the wt.'ighfs of 
equal volumes of gases are proportional to tlu'ir combining 
weights or to simple multiples of those.” h'rom this we 
can deduce the atomic weight, for instance, t)f (J.Kygen 
The combining weights of Oxygen and Hydrogen arc 8 
to I, and since one volume of Oxygen combines with two 
volumes of Hydrogen, the atomic weight of Oxygon must 
be 16. Moreover, there is always the .same definite char- 
acter in the combination of gases by volume as by wtdght. 
The ratios are always expressed by simple numbers. 

When Hydrogen and Chlorine combine together we get 
as the result of the combination of one volume; of each a 
product — ^Hydrochloric Acid— *which is composed of two 
volumes. In the case of water, two volumes of Hydrc>gen 
combining with one volume of Oxygon give us two volumes 
of water in the form of vapour under the action of the 
electric spark. There is a contraction of volume from three 
volumes to two. If we take a gas like Ammonia we find 
that the proportion in which the two constituent gases 
combine is as i to 3. But contraction takes place so 
that the Ammonia produced only occupies one-half the 
volume occupied by the mixture of the two gases. The 
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same numerical simplicity, however, is observed, such as 
I ; I, 1:2, 1:3, and so on. There is always a simple 
relation of the volumes to one another and to the final 
volume observed. 

The relations between gaseous volumes and their products 
led Avogadro, the famous Italian physicist, to suggest that 
“ equal volumes of all gases must contain the same number 
of molecules at the same temperature and pressure.” This 
Law is universally accepted to-day, and it leads to interesting 
conclusions. 

Fresh light is thrown on the molecular structure of some 
of the gases such as Oxygen, Hydrogen, Chlorine and others. 
In the case where two volumes of Hydrogen and one volume 
of Oxygen Gas combine, as we know, to form water, this 
water, reduced to vapour, occupies two volumes, and there- 
fore the Oxygen molecules must split up into two separate 
atoms, which therefore are divided up between the molecules 
of steam, which are double those of the Oxygen ones. Thus 
we say that the Oxygen molecule is really made up of two 
atoms. It is, in other words, twice as heavy as the atom. 
So also in the case of Hydrogen and Chlorine. The Atomic 
Theory of Dalton in the light of the h5q)othesis of Avogadro 
has been generally accepted and applied to all questions of 
chemical phenomena. 

In determining the atomic weights of the elements it is 
necessary to take one as a standard of comparison and to 
express all the others in terms of it. Without going into the 
question to any extent, it is interesting to observe that these 
weights are generally arrived at by experimental com- 
parison with the element Oxygen, sometimes directly and 
sometimes in an indirect way. In the case of such an element 
as Carbon the direct method can be employed, and if the 
atomic weight of oxygen be taken as 16, which is the 
recognised value to-day, that of Carbon works out at 12, 
since 32 parts by weight of Oxygen combine with 12 
parts by weight of this substance. But it is not so easy to 
determine some of the others. But in the interests of 
Chemical Science it is necessary that the relative weights 
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of the atoms of all the known elements should be ascer- 
tained with the utmost possible accuracy. From time to 
time an International Committee checks the result s obt aii led, 
as fresh estimates come in. These weights when passed 
constitute the absolute values until fresh revision takes 
place. 

An accurate estimation of the atomic weight of Oxygen 
is necessary in all these detenninations, and of late years 
this has been critically examined, and with a deg.n'e of 
precision and accuracy far greater than ever before. J t was 
necessary first of all to prepare Hydrogen of extrenu- purity, 
which was successfully accomplished. Ihen O.xygoii of a 
like purity. The two gases were weighed, combined by 
means of the electric spark, and the water produced weigiiod. 
Its weight divided by that of the Hydrogen gave the atomic 
weight of Oxygen (Morley). The actual value works out 
at 15-88, not quite i6. But in order to avoid <;oni3»licali<in 
and confusion it is sufficient to call it iC. In this rase 
the atomic weight of Hydrogen is 

In conclusion we see that Matter is made uj> of inthii- 
tesimal particles called Atoms and Molecnh-s, and i{ is 
these which decide the properties td any i)iir(ieular m di- 
stance. And the electrons in the atoms cfmqiosing niolo- 
cules together with their number and arrangiunent witliin 
the molecular structure finally determine the properties of 
the molecules themselves. 

With regard to the atom itself, in the light of modi-ni 
research we must admit that the old conception of the 
Dalton atom as an unchangeable \mit representing the 
final limit of the resolution of Matter, has been <lisprli( <l by 
the fresh light shed upon the question by the piu-noinena 
of Radioactivity. The history of those tiny entitiis, the 
electrons, the smallest conceivable in Science, has taught 
us that the atom is not the unit of the smallest mass as 
formerly supposed. The Electron, with a mass nearly two 
thousand times less than that of the Hydrogen atom, has 
compelled us to abandon that idea. The atom which 
modem Science asks us to picture to-day is that of a 
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miniature solar system — a central nucleus of positive 
electricity with a system of electrons of negative electricity 
revolving around it, infinitesimal little planets circling 
round an infinitesimal sun. The velocity of the electrons 
circling in their orbit is very great, and the atom therefore 
must itself contain enormous stores of potential energy. 
We get some idea of this when we see a body like Radium 
shooting out at terrific speed Lilliputian particles — projec- 
tiles in miniature of positive and negative electricity, 
protons and electrons, hurled forth as the result of the 
disruption of the atom 



CHAPTER VI 


THE AIR WE BREATHE 

We have seen in an earlier chapter (Chap, ii) lhat 
ancient Greeks included air amongst the four .so-calliul 
" Elements ” of which the visible world was constituted. 
Indeed, some of the earlier philosophers and writers con- 
sidered air to be the First Principle of all things. Manj' of 
them, such as Aristotle, Homer, Ctesibius of Alcxanilria, 
and Hero, recognised, and made practical applications ol 
some of the more important properties of what wc now call 
atmospheric air, but which they designated by some such 
terms as Breath, Life, Spirit, etc. Hero actually .says that 
air is composed of myriads of little partichis, veiy light and 
very minute, and wholly invisible. And this conn pi inn 
comes very near to what wc believe to-day, that gases 
consist of crowds of minute particles ever colliding with, 
and rebounding from, one another. Air, which is a mixture 
of different gases, also consists of countless mok*cuI(;s in 
perpetual motion, and free from all mutual restraint 

Hero, who was a clever mechanician, dcmon.stratod sonic 
of the physical properties of air, described the vacuum and 
a rude form of the modem air-pump. Plosiod, who lived in 
the age of Homer, and wrote a poem on agriculture, extolled 
the beneficial effects of air on all living things. Aristotle 
claimed that air possessed weight. In his physical writings 
he includes a treatise on the winds. 

In these modem days of ours, atmospheric air has been 
subjected to rigorous physical and chemical tests, and we 
know far more about its properties than the Ancients ever 
conceived or thought possible. Moreover, we know that 
without it aU living organisms would perish. The earth 
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would become as lifeless and as dreary as the moon 
itself. 

Before discussing the air we breathe from a chemical 
point of view, we must briefly glance at some of its physical 
characteristics, which are not out of place, we think, in any 
review of its more important properties. 

The extent of the gaseous envelope or atmosphere 
{atmos, air; sphaira, a sphere, Grk.) which surrounds our 
earth has been computed at about forty-five miles in height. 
It probably exists, however, in a very attenuated or rarefied 
state through space, but of a density scarcely appreciable 
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by any form of direct measurement. By exploring the 
atmosphere with kites and balloons carr5dng self-recording 
barometers and thermometers, it has been lately found that 
the atmo.spherc is divided into two parts, one extending up 
to a height of about seven miles, and the other lying above 
it. Its actual weight at the level of the sea is equivalent to 
about fifteen pounds (i4‘73) on the square inch. The actual 
pressure, therefore, upon our bodies is very great indeed, 
amounting in fact to several tons. We do not feel this 
enormous weight, since it is equally distributed in all 
directions. 

If we fill a tumbler with water (Fig. 9) and, after placing 
a slip of stout paper over the mouth, invert the tumbler. 
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still holding the paper, the pressure of the air will support 
the paper when the hand is removed. And there are many 
other ways of demonstrating the same thing. The ordinary 
Barometer, which consists of a tube of glass about 
threo inches in length, closed at one end and carefully 
graduated, serves to measure the weight or pressure al:-rj. 
Its open end is placed downwards in a vessel of Mere my 
after the tube has been completely filled. The Mercury will 
sinTf at once to a height of about thirty inches abor e- llio 
level of that in the vessel, leaving a vacuum at the uppt r 
end of the tube (Fig. lo). It is sustained by tin.- varying 
pressure of the air. \^'hen the prcs.sure incrca.sc.s, tli(' crdiuiin 
of Mercury rises higher in the tube ; when it deerrnsi /. the 
level falls. We say that the " glass ” is " rising ” or ‘ ' fa ning,” 
as the case may be. 

Since the air is a gaseous body and po.-;.‘;cssc3 wciglit and 
elasticity, its lower Simla or layers on thr* earlir.s siirl':n-c 
must be more highly compressed tlinn the ujipir dne.’i. 
Thus its density varies at different heights above sea •level. 
This naturally affects the readings of Baronioters which Inc 
accurate work must be corrected for variations of hoighi, 
as also for temperature, expansion of the scale, etc. Scunc 
instruments (especially of the Aneroid type) arc .sn tlelicatc 
that they disclose very minute differences in prcs.sure, and 
may be used to measure different altitudes. 

The higher strata of the air arc very rarefied, aiul tlic 
physiological effects due to the decrease of pressure hecoiin! 
increasingly serious on the human body as the altitudu 
increases. As we ascend higher and higher into the upper 
atmosphere sickness and increased muscular effort are some 
of the results, together with difficulty in breathing. At 
very great heights Oxygen artificially adininistcred has 
proved beneficial. 

Early in the eighth century, Gebcr, an Alchemist, recorded 
the fact that many metals when heated became covered 
with a kind of crust. At the same time their weight in- 
creased. A later observer attributed this to a gas which 
existed in Nitre and was able to sustain flames and re-kindle 
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a glowing stick. Subsequent investigations proved that all 
this occurred only when access to the air was possible. 
Boyle, in 1692, showed that metals absorbed air when 
strongly heated. But none of the early investigators were 
able to explain how it w'as that metals increased in weight 
when heated. It was Lavoisier, later on, who gave a correct 
explanation of these phenomena. He placed some Mercury 
in a flask with a long curved neck, the end protruding into 
a graduated jar placed in a dish of Mercury (Fig. 11). The 



height of the metal in this dish was carefully noted and then 
the Mercury in the flask was heated. After some tunc it 
became covei'ed with a black crust, which became red on 
cooling. At the same time the air in the jar diminished in 
bulk, but not loss than about four-fifths of its original 
volume. And its properties were altered ; no longer would 
it support combustion. 

The crust when strongly heated in a retort was resolved 
into shining globules of Mercury and a gas which re-kindled 
a glowing bit of wood. This gas is called Oxygen. 

Thus, when metals were heated, they became covered 
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with a crust or “ calx ” of Oxide, as we say, the result of 
absorbing Oxygen from the air. 

But what is the nature of the gas which in Lavoisier’s 
experiment remained in the graduated jar ? The Mercury 
absorbed or combined with the Oxygen and became con- 
verted into Mercuric Oxide. What was left ? It was 
Nitrogen, a gas incapable of supporting combustion. 

It thus appears that air is composed of Oxygen and 
Nitrogen in the proportion of about one measure of < )xygfm 
to four measures of Nitrogen. These relative quantities of 
the two gases remain (with slight variations) invariable 
in all parts of the world. 

We can determine the ratio of the Oxygen to the Nitrogen 
in the following way ; 

A graduated tube (Fig. 12) is partly filled with water and 
inverted in some water in a trough. The level is carefully 
noted. A small piece of phosphorus attached to the end of a 
wire is then introduced into the tube and allowed to remain 
there for some hours. It is then withdrawn and the new 
level noted. The volume of the original air will be found 
quite considerably diminished, but about four-fifths will 
remain. In other words, if one hundnid divisions are 
taken as a standard, twenty-one are absorbed by the 
phosphorus (Oxygen) and seventy-nine loft over (Nitrogen). 
It is Nitrogen, and may be tested by inverting the mouth 
of the tube upwards, after closing it with the thumb. A 
glowing piece of wood introduced will be extinguished. 
A number of such experiments may be madt', but they 
all give the same result. We shall see, a little later on, 
what are the properties of these two gases, Oxygen and 
Nitrogen, the chief constituents of the air. But for the 
moment we must see whether the two gases are chemically 
combined with each other or are simply mixed together, 
in atmospheric air. 

Suppose that we mix in a jar four volumes of Nitrogen and 
one volume of Oxygen, we shall see nothing in the nature 
of any chemical action. A notable sign woi^d be a rise in 
temperature, since heat is one of the results of such action. 
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But in such an experiment as this, we can detect no heat 
whatever. The mixture appears to be ordinary air ; it 
possesses all its properties. 

Again, we saw in Chapter iv that all chemical compounds 
have a certain definite composition. There are no inter- 
mediate substances. A very large number of experiments 
tell us that the same substances always combine in the same 
proportions to form the same fixed products. There are 
three Oxides of Iron, but the relative proportions of Iron 
and Oxygen present are always the same. 

In air, although the relative proportions of the two chief 
constituents. Oxygen and Nitrogen, are on the whole con- 
stant, yet the composition of the atmosphere does vary 
slightly. A stronger argument is the following: Suppose 
we dissolve some air in water, for it is slightly soluble, and 
then boil the water. On analysing the air which is expelled 
we find that it contains a larger percentage of Oxygen than 
before, since Oxygen is more soluble in water than Nitrogen. 
Instead of one volume to four volumes of Nitrogen, the 
ratio works out at one volume of Oxygen to 1*87 volumes of 
Nitrogen. How then can these two gases be chemically 
combined ? In that case they would not possess different 
degrees of solubility. 

In modern times a very strong argument has been 
adduced to support the Mixture theory. By suitable 
means, air can be reduced to the liquid state. Now, if this 
liquid is merely a mixture and not a definite compound, we 
should expect that, if it were allowed to evaporate off, the 
gas with tlie lowest boiling-point w'ould boil away more 
rapidly than the constituents whose boiling-points are higher. 

This is exactly what does happen. We know that the 
boiling-point of Oxygen and Nitrogen (for they have both 
been liquefied) are respectively 183° and 196° below the 
freezing-point of water. When liquid air evaporates and 
boils off, the Nitrogen comes away more readily than the 
Oxygen, and the remaining liquid is found to be very rich 
in Oxygen. This is a strong proof that atmospheric air 
is a mixture of gases and not a chemical compound. 

B 



Oxygen is perhaps more widely distributed in Tsaturc than 
any other element, forming nearly 50 per cent of the crust 
of the earth, eight-ninths of water and about one-fifth of air, 
as we have seen. 

It can be prepared from the red precipitate (as it is cal 1 (‘d) 
which Priestley and Lavoisier made in tlie old day a by 
heating Mercury in a flask. If a small quantity In* pln tHl 
in a test-tube and sti'ongly heated, the gas comes oil. At 
the same lime little shining globules of Mercury ('ollvcl on the 
cool sides of the tube. The Compound lias been resoh ed 
into its Elements. 

Mercuric Oxide gives Mcixury and Oxyjnn. oilier 
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pound of ,P«na Mum 
arol Clilcirine wiili 
Oxygen) is pla<’ed in 
a retort connected with a piece of glass lube* wliirh is bent 
up at the end and immersed in water, <)v<*r it rests an 
inverted jar fiUed with water (Fig. 13). 

On heating the Chlorate, the Oxygon comes off, rtud, 
displacing the water in the jar, may be co!le(i(*d and 
examined. In laboratory work it is usual to mix with the 
Chlorate a small quantity of Manganese .Dioxide, d ht* gas 
comes off more readily thereby, and at a Iow(*r teniperature. 

We find Oxygen to be a colourless, invisible gas, slightly 
heavier than air and sixteen times heavier than Hy<lrogen. 
It can be liquefied at a temperature of - iSi®, It is slightly 
soluble in water. 

Oxygen exhibits great chemical activity even at the 


ordinary temperature of the air. We know that Iron if 
exposed to air and moisture becomes " rusty/’ combines, 
in fact, with the Oxygen present, and forms an Oxide. 
Coal when stored in ships is often liable to spontaneous 
combustion, especially if there be a lack of ventilation. The 
absorption of Oxygen is attended by a development of heat 
through chemical action. If the bunkers are badly ventilated 
the gases evolved form explosive compounds with the air 
and thus endanger the ship. 

If a little Iron in a minute state of division be shaken into 
the air, it combines so energetically with the Oxj^gen that 
it becomes red-hot. A fragment of Sodium when placed in 
a jar of the gas at once combines with it, giving out light and 
heat, and forming an Oxide, 

If such phenomena as these take place at the ordinary 
temperature of the air, we should expect Oxygen to exhibit 
increased activity at a higher temperature. Let us introduce 
a piece of Iron wire after heating it very strongly into a jar 
of the gas. It immediately bui'ns in the most brilliant 
manner, forming the Oxide. Sulphur and Phosphorus also 
burn with great brilliancy, forming Sulphur Dioxide and 
Pliosphorus Pentoxide. There is hardly a single element, 
with the exception of Fluorine, which is not capable of 
forming Oxides. The rai'e gases of the atmosphere. Argon, 
Neon, Xenon and Krypton, are quite inert. 

If a few drops of Tincture of Litmus (a blue vegetable 
dye used to detect acids) be shaken up in a jar in which 
Phosphorus has been burnt with Oxygen, it at once turns 
red — chemical combination has taken place, and something 
has been formed 

The Phosphorus has with the Oxygen combined to form 
ilic Pentoxide which, dissolving in the Litmus solution, 
forms Phosphoric Acid 

Now, in the old days Lavoisier noticed that certain 
colouring matters were affected by elements uniting with 
Oxygen, or, as it had been called up till then, Empyreal 
Air” in; pr^r, fire, Grk.), and so he called the gas 
Oxygen {oxiis, acid ; gennao, produce, Grk.). He concluded 



that this gas produced Acids, and that they always contained 
Oxygen, an erroneous idea, as we shall see later on. But 
the name Oxygen remains to-day. 

The phenomena observed when Phosphorus, Sulphur, etc., 
bum in Oxygen-gas are the result of chemical action and 
chemical change. And, speaking generally, we say that 
combustion has taken place, and that Oxygen is a supporter 
of such combustion. Bodies are said to be combustible 
which thus unite with it. For the most part heat an<l light 
are evolved. Oxygen is not itself inflammable, Init under 
certain conditions (in an atmosphere of Hydrogen, for 
instance) it will bum. Thus the terms " Supporter of Com- 
bustion ” and ” Combustible " are relative to a certain 
extent. 

Nitrogen, as we have seen, is one of the chief con.stituenls 
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of air, of which it constitutes four-fifths by volume. It 
occurs abundantly in Nature, and plays an important part 
in animal and vegetable life. Various compound.s, such as 
Nitre, contain it. Hence its name {nilyc, nitre ; gennao, 
produce, Grk.). 

In order to prepare Nitrogen, wc pass a stream of air 
through a red-hot combustion tube (Fig. 14) packed bill of 
Copper. The Oxygen of the air combines with the C-oiipcr 
forming the black Oxide and also tho red Oxide. The Nitro- 
gen passes out and may be collected. Or we can bttm 
Phosphorus in a jar of air. Phosphoric Anhydride is formed 
and impure Nitrogen remains 

How different Nitrogen is from Oxygen. Although it is 
colourless, tastdess and inodorous like Oxygen, it is not a 
supporter of combustion, and at once extinguishes a light 
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plunged into it. Animals cannot live in it, but its beneficial 
effects are seen in the air we breathe. Without it oxidation 
would take place so rapidly that our bodies would burn 
away as it were in a very short time. Nitrogen moderates 
and tones down the influence of its too energetic neighbour. 
It has been liquefied and boils away at 196° below freezing- 
point of water. It is fourteen times heavier than Hydrogen. 

Nitrogen forms five compounds with Oxygen. Nitrous 
Oxide and Nitric Oxide are the two most important. 

Nitrous Oxide is a colourless gas with a sweetish taste, 
somewhat soluble in water. When inhaled it causes a kind 



Fig. 15. Preparation of Nitric Acid in a Flask 
COOLED BY Water 

of intoxication passing into insensibility, and often hysterical 
laughter. Hence the gas has been called “ Laughing Gas.” 
It is used in dentistry. We can prepare it by cautiously 
heating Ammonium Nitrate. 

Ammonium Nitrate gives water and Nitrous Oxide gas. 
Nitric Oxide is another colourless gas and a feeble supporter 
of combustion. It combines readily with Oxygen, forming 
dense red fumes of Nitrogen Petroxide. It is prepared by 
treating Copper with Nitric Acid. 

Nitric Acid is a strong fuming liquid and contains over 
76 per cent of Oxygen. This it easily parts with, and so 
we call it a good oxidizing agent. If we place a piece 
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of Charcoal into Nitric Acid, after strongly heating it, \vc 
can cause it to burn with a brig] it light. 

Nitric Acid be prepared by cart fiilly hi-nting in a 
retort (Fig. 15) some Nitre or Saltpetre with ^nljjliiiric .Xcid. 
The Nitric Acid distil.s over and may lie t oll. eled in a lla -k 
cooled by a stream of water. 

We must now glance at a very peculiar ^oIl^^lltlu■nt of 
atmospheric air, although a minor oiu'. If \\v s-tan 1 near 
an electrical machine in action, or hang nji a wet .■^hi i t to 
dry in a cold wind, we become conseions of .a peculiar .‘ iiicll 
reminding us of the seaside. This is due to tile jm ■•.ince 
of Ozone {ozeiu, to smell, Grk.), the rfstill of « It ciiical 
action upon atmospheric Oxygen. It is really a nnulilifalion 
of Oxygen Gas — Oxygen in a condenseii stale. 

A simple means of producing Ozone is by par.-iiig ti stream 
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of Oxygen through a glass tube (Fig. i<”>} through which 
runs a Platinum wire and around whh'h i.s coiled a similar 
piece. The Oxygen becomes charged with Ozone when the 
wires are connected up to an induction coil. 

The symbol O3 of Ozone indicates that its molecule 
consists of three atoms of Oxygen. The oild atom (com- 
pared with Oxygen, which has two atoms) is very unsiahU* 
and ready to fly off at any time. Hence Ozone is .an active 
oxidizing agent. We call it an allotropic mndificniion of 
Oxygen {alios, other; irepd, turn, Grk.), which thus exists in 
two different forms. Later on we shall come across other 
similar bodies. 

Country air contains more Ozone than that of towns, 
where its presence can seldom be detected. Its action is 
greater in spring than at any other time. It gives 
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that pleasant buoyant feeling to sea air which we all 
know. 

Carbon Dioxide is another important constituent of 
atmospheric air. It is present only in small quantities 
(about 4 volumes in 10,000), but its presence can be 
detected everywhere, in the breath of human beings and 
animals, in mineral waters and in most cases of combustion. 
Also in the decay of vegetable and animal matter, and in 
alcoholic fermentation. It plays an important part in plant 
life (Chap, xxiii). 

The relation between the Carbon Dioxide present in the 
air and the Oxygen has always been a subject of discussion. 
There must be some '' balance of Nature,*' as it is called, 
otherwise animal life, by using up Oxygen and breathing 
out Carbon Dioxide would gradually pollute the atmosphere, 
and increase the amount of Carbonic Acid, which is itself 
a poisonous gas. But here it is that plant life plays so 
important a part in the general scheme of things. There 
is always a cycle of operations going on. Cai'bon Dioxide 
passes into the air and is decomposed by plants ; Oxygen is 
returned once more and the Carbon is used by the plants to 
form fresh food for animals. The important point is that the 
Oxygen content varies but slightly, and that '' while the 
combustion of fuel and vital processes of men and animals 
result in a local increase of Carbonic Acid and a decrease of 
Oxygen, vegetable growth causes the reverse, and thus the 
local variations in the air are equalised " (Benedict). 

In towns, of course, and in crowded rooms, the amount 
of the gas rapidly rises. Much discomfort results, which can 
only be relieved by adequate ventilation. Expired air con- 
tains about 4 per cent more of Carbon Dioxide than air 
before respiration. The smoky air of towns is full of it. 
Now, when Carbon burns in a limited supply of Oxygen 
it forms a very poisonous gas called Carbon-mon-oxide 
(Carbon + one Atom of Oxygen). This again has a very 
bad effect on the human body. In crowded rooms it is 
often present, and especially in coal mines after explosions. 
From experiments made, it has been found that a very 
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delicate test lies in the behaviour of canaries towards it. 
And more so, in fact, than in the case of mice, which have also 
been employed. With a percentage of gas present amounting 
to *16, a mouse became giddy and faint at the end of an 
hour ; a canary became much distressed in thi'ce minutes. 
All the experiments and observations made in mines .show 
that canaries are the more .susceptible. Fiiiiher ddails 
concerning these gases are given in a later chapter (("hnp.vii). 

Other minor constituents of the air are Ammonia, the 
normal amount of which consists of about six parts in 
one million, and Nitric Acid, the result probal)ly of elect rh'al 
action and of Ozone. Both pla}? an important ])art in jilant 
life. From these sources plants obtain the necessary 
Nitrogen which they cannot directly assimilate in a free 
state. 

There is, however, another side to the question. The 
presence of acids and impurities of inan5’ kinds in llie air, 
saline substances, and so forth, are responsible for tlio de- 
plorable state into which many of our ancient luiildings, like 
Westminster Abbey, are falling. On all sides we see stonc;- 
work gradually crumbling and rotting away, endanf.ering 
the whole structure and fabric of cathedrals, <;Iinrehes, «,*tc., 
and casting an additional burden upon those rer.p<insibk: 
for their care and maintenance. 

Lastly, there is always present in air a variable quautily 
of Aqueous Vapour. This luimiclily depends, liowc\< r, 11 
good deal upon temperature, and the direction of tht! wind. 
Speaking generally we may say that air contains about 
60 per cent of the quantity nece.ssary to saturate it. Out- 
side this limit it is either very dry or very moist. 

There are minute quantities of certain rare gases in the 
air which are discussed fully in the next chapter. 



CHAPTER VII 


CARBON DIOXIDE, CARBON MONOXIDE AND THE 
RARE GASES OF THE ATMOSPHERE 

We have seen that one of the constituents of the air around 
us, although a minor one, is the gas called Carbon Dioxide. 
It is not present in large quantities, but in the proportion 
of about *04 volumes in every loo volumes of air. Any 
excess is harmful and renders the air unfit for breathing. 
Expired air contains about 4-5 volumes of the gas per cent, 
and in crowded rooms and halls the percentage may rise 
to 12 or more volumes per 10,000, rendering the atmo- 
sphere very bad by reason of the deleterious effects of 
the gas on the system. The air becomes foul and the pro- 
portion of Oxygen decreases . Headache is the result. Then, 
too, the waste products of the skin and lungs have also to be 
considered. Adequate ventilation is therefore imperative, 
and we find it insisted upon in most modern buildings. 

Carbon Dioxide is also produced in large quantities by 
the burning of fuel of all kinds such as coal and coke. It is 
given off also by all sorts of decaying Matter, and ferment- 
ing material, vegetable and animal. The products of our 
gardens, fruit and refuse decaying on the ground, are all 
sources of this gas. In the bottom of old wells there is often 
a quantity of the gas mixed with the air in dangerous 
proportions, and adequate measures must be taken before 
descending into such places. After explosions in mines a 
quantity of the gas is often left and constitutes what is 
called ** choke-damp,'' The craters of volcanoes are always 
giving out large quantities into the surrounding air. In 
many natural waters we find it. Those of Vichy in France 
and others are highly impregnated with it, giving them a 
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buoyancy and sparkling appearance which is most attrac- 
tive. We may say that they are almost effervescent in 
character. If ordinary water be boiled the gas dissolved in 
it (for there is always a little mixed with atmospheric air) 
passes away and the quality of the water suffers a change. 
We get a liquid, dull, uninvigorating and vapid to the taste. 
The " sparkle ” has vanished. It is like soda-water which 
has been exposed to the air for some time. 

Carbon Dioxide forms compounds with lime, magnesia, 
etc., which occur in great quantities everywhere as natural 
products, such as Carbonate of Calcium, Magnesium 
Carbonate and other substances. Examples of the former 
are ordinary limestone, marble, chalk, whilst the latter 
includes such compounds as Dolomite (a double Carbonate 
of Magnesium and Calcium), which gives its name to that 
beautiful mountain region, the Dolomites, and others. 
Carbon Dioxide was known to many of the early chemists, 
Black, Lavoisier, and even to others before them. Black 
called it " Fixed-Air,” and speaks of it as being produced 
by burning charcoal, etc., and says that " this sort of air 
is quite distinct from common air.” 

The gas may be prepared in small quantities by the 
decomposition of Calcium Carbonate with Hydrochloric 
Acid. Some pieces of marble or chalk are placed in a flask 
and treated with the acid. The gas may be collected in a jar 
by simple displacement of the air therein, since it is very 
heavy. 

We give a diagram (Fig. 17) illustrating the process. 
Carbon Dioxide is a colourless gas and of high density (1-5 
heavier than air) so that some striking experiments may be 
performed with it. For instance, it may be collected in one 
jar and then poured out like water into another, and from 
thence on to a candle, which it will at once extinguish since 
it does not support combustion. A very small light balloon 
dropped into a jar of the gas will quietly float on the 
invisible surface. If an empty jar be weighed on a balance 
and some gas poured into it, the equilibrium will be at once 
disturbe(J, as may be seen by the descent of that arm of the 



The Rare Gases of the Atmosphere 75 

balance which supports the jar (Fig. i8). And it is ovving to 
its high density that the gas is able to collect in wells and 
pits, in brewery vats and in caverns. 

Carbon Dioxide is poisonous, as we have already remarked, 
and since it cannot give up any of its Oxygen, it cannot 
support human life. But, as we shall see in a later chapter 
(Chap, xxiii), it is as the breath of life to plants ; with magic 
power under the infiitence of the sun's bright rays they build 
up their bodies by taking this poisonous gas and decomposing 



Fig. 17. Preparation of 
Carbon Dioxide from 
Marble and Collection 
BY Downward Displace- 
ment 



BY Pouring Carbon 
Dioxide into a Jar 


it for this purpose. We set up special apparatus when we 
want to decompose this gas, and take all manner of pains to 
collect the products foimied by this or any kind of decom- 
position. The humblest plant does it quietly and regularly, 
day in, day out, and if we are minded to do so, we may 
learn by careful observation, all of us, something of its 
magical ways. 

We, too, get Carbon for our bodies by the consumption of 
vegetable and animal food — an indirect way. By its 
oxidation the temperature of the body is maintained. There 
are hidden fires within (if we may so express it) oxidising 
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the Carbon compounds, and finally returning the gas once 
more into the air. Take a glass, and after pouring some clear 
lime-water into it, blow quietly through the liquid with a 
tube. The result will be a cloudy precipitate of Calcium 
Carbonate. The Carbon Dioxide present in the breath has 
combined with the lime to form the white compound seen 
floating in minute little particles in the liquid. 

Carbon Dioxide is slightly soluble in water, forming a 
solution which is faintly acid to the taste. Under pressure 
the gas dissolves more freely but escapes once more, as we 
see in aerated waters, when exposed to the air. 

Those who have sat before the glowing cinders of a winter 



Fia. tg . Preparation of Carbon Monoxide by Passing 
Carbon Dioxide Gas over Red-hot Charcoaz. 

fire, when, having expended their energy in flame and light, 
the red-hot coals are quietly but surely cooling down, must 
have noticed pale blue lambent flames playing over the coals 
and rising up here and there from holes and crannies in the 
grate. This is Carbon Monoxide, which is formed whenever 
Carbon bums in a limited supply of Oxygen. We can 
imitate the action by passing a stream of Carbon Dioxide 
slowly through a red-hot tube filled with charcoal (Fig. 19) 
and collecting the gas by displacement of water in an 
inverted jar. In a low-burning fire of glowing coals, as the 
air percolates through the red-hot cinders, some of the 
Oxygen combines with the Carbon and forms Carbon 
Dioxide. But as this gas gradually passes up through the 
coals it,e decomposed, as in the laboratory method, with the 
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loss of half its Oxygen, and we get Carbon Monoxide formed 
at the top of the grate. Meeting with the Oxj^gen of the air 
it commences to burn away with the blue flame we all know. 
At the same time the dissociated Oxygen atoms combine 
with the Carbon present and form Carbon Dioxide, which 
passes up the chimney. 

Carbon Monoxide gas is colourless and has a density 
corresponding to that of atmospheric air, in which it is 
present in small quantities. This is especially the case 
in our large towns with their factories pouring out dense 
volumes of black smoke. In such an atmosphere the 
proportion of the gas present in the mixed gases may rise 
as high as 4-5 per cent of the total volume. Escaping into 
the air from the factory chimneys it renders it very poisonous 
to the human system. 

What happens is this. The gas has a peculiar action upon 
the blood, taking away some of the Oxygen and forming 
with the Haemoglobin a substance called Carboxy-haemoglo- 
bin. Our blood is full of little minute corpuscles about 
of an inch in diameter. Inside them and enclosed by 
a thin membrane is the red pigment (Haemoglobin) which 
gives to blood its characteristic colour. And it is on these 
little particles which play so important a part in the distri- 
bution of Oxygen through our bodies by their action on the 
blood that Carbon Monoxide exercises such serious influ- 
ences. If we pass water in the form of steam over any form 
of Carbon — charcoal for instance — ^we get a gas given off 
which is a mixture of Carbon Monoxide and Hydrogen. 
When we come to study Hydrogen we shall see that it, 
too, is an inflammable gas, burning with a pale blue flame. 
And since we have seen that Carbon Monoxide burns in a 
like way, we can imagine that a mixture of these gases 
would produce an exceedingly inflammable gas, but one 
with little illuminating power. This is so, and the gas is 
called Water-gas/' 

Carbon Monoxide is a strong deoxidising agent. It takes 
away Oxygen from any substance such as an Oxide and 
reduces it. Advantage is taken of this fact in the inciting 
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of iron. Air is blown through a mixture of Iron Oxide and 
coke. The Carbon Monoxide (as in a grate) takes away 
some of the Oxygen in the Oxide to form Carbon Dioxide, 
and the iron melts and is collected in suitable moulds. 

We have in the preceding chapter (Chap, vx) examined 
some of the properties of the ordinary gases of the atmo- 
sphere, such as Nitrogen and Oxygen. We also saw that the 
air always contains small quantities of other constituents, 
such as Ozone. Carbon Dioxide and Carbon Monoxide, 
Aqueous Vapour, etc. ; and in this chapter we have looked 
a little more closely into some of the properties of the two 
Oxides of Carbon, which we were unable sufficiently to do in 
the last chapter. We thus see that the air which we breathe 
is not so simple as some people might imagine it to be. It 
is a gaseous mixture of most interesting constituents. 

Up till recent times it was thought that there were no 
further discoveries to be made with regard to the constitu- 
tion of atmospheric air. It was supposed to be a mixture 
of the gases which we have studied, together with additional 
traces of impurities already mentioned. But the possibility 
of other constituents being present was never lost sight of. 
Then came the news that another gas had been discovered 
by Lord Rayleigh and Professor Ramsay. They found 
traces in the air of an element to which they assigned the 
name of Argon, because of its inert character (argon, lazy, 
Grk.). 

Lord Rayleigh, after being engaged in deterjnining 
whether the ratio of the atomic weights of Oxj'gcn and 
Hydrogen relative to each other was as i6 to i, con- 
ducted further experiments on the same lines. Oxygen 
was prepared in several ways, and the figures which he 
finally arrived at worked out accurately in accordance with 
the determinations made before by other experimenters 
Then Nitrogen was examined from different sources, and 
here a discrepancy was noted. Lord Rayleigh found that 
Nitrogen prepared from Ammonia was lighter than the 
ordinary Nitrogen of the air, the deficiency in weight 
amounting to about i in 200. This curious fact was 
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subjected to different forms of experimental investigation 
in order to discover the reason. 

Professor Ramsay, in some experiments which he had 
been conducting with Hydrogen and Nitrogen in order to 
cause them to combine, had occasion to pass Nitrogen over 
heated Magnesium, and noticed that the metal absorbed it 
quite appreciably. He applied the same pi*ocess to the 
Nitrogen of the air, and after absorption had taken place, he 
found that a small quantity of residual gas remained. It 
was weighed and showed an increase in density. Fresh 
experiments were now made. Was there some hidden 
constituent which had so far escaped detection in atmospheric 
air ? The investigations were conducted on an extended 
scale and with the utmost degree of refinement. They left 
no doubt, at the conclusion, that there reall}^ was another 



Fig. 20. Tube used for Examining the 
Spectra of Gases 


constituent present, though in minute quantities, in the 
air we breathe. A small quantity of the precious gas 
was sealed up in a tube employed for the study of 
the spectra of gases, and subjected to spectroscopic 
examination. 

The tube (Fig. 20) has its two ends connected by a very 
fine bore called the capillary portion, and when the electrodes 
or terminals are connected up to a Ruhmkorff coil, the 
spectrum of any gas which has been previously introduced 
into the tube will on illumination exhibit various character- 
istic coloured lines. The gas becomes incandescent by the 
action of the electric current and discloses its identity. Thus 
Nitrogen reveals in the slender capillary tube (for this is 
where the spectra are obtained) a complicated spectrum of 
a number of lines of different colours. A characteristic and 
beautiful spectrum is furnished by Helium, consisting of a 
brilliant yellow line and fainter lines in the red, grgen, blue 
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and violet (Fig. 21). Now Professor Ramsay found that in 
addition to the Nitrogen lines which appeared in the 
spectrum of the gas examined, there were several which had 
not before been detected. They were situated in the red and 
green portions of the spectrum. It was the spectrum of the 
new gas which after further investigation was found to be, 
beyond all doubt, a new constituent of the air. Great 
interest was displayed when the discovery was announced, 
md the properties of the new gas were eagerly examined. 

Argon exists only in minute quantities in atmospheric 
air, in amount about -937 per cent. It exists also in many 
mineral waters and springs, such as those of Bath and other 
places, also in some continental waters. Its properties are 
such as to include it amongst those peculiar gases which, 
from a chemical point of view, are so inert and inactive that 

fVRCKM 

RtP ttLUfc VIOLftr UkTHA-VIOIXy 


Fig. 21. Spectrum of Helium 

in the Periodic System of the Elements they occupy a 
column by themselves. They do not form any chemical 
compounds. Argon refuses to combine with Oxygen, 
Hydrogen and Chlorine even in the " nascent ” state. The 
atomic weight is 39*88. It has been liquefied. 

After the discovery of Argon endeavours were made in 
order to find out whether there were any other undetected 
constituents of air. An examination of the spectrum of the 
sun in a solar eclipse disclosed the presence of a bright 
yellow line in the Hydrogen spectrum, which at first was 
supposed to be identical with the D line of Sodium (Chap, 
xviii). Its position, however, was further in the direction 
of the blue end of the spectrum. Was it, it was asked, a 
new undiscovered body, or merely a modification of Hydro- 
gen ? It was on further examination considered to be a 
new coj^tituent of the sun's atmosphere, and the name 
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Helium {hilios, sun, Grk.) was given to it. It did not appear 
to exist in the air nor in any terrestrial ore. In 1895 Ramsay 
found that CRveite, one of the rare minerals, gave the 
spectral lines of Helium when treated with Sulphuric Acid 
The same substance more than 92,000,000 of miles away 
had given the same spectrum, and we know now that it is 
to be found not only in the sun, biit also in stars and 
nebulas. And on earth it has been discovered in the waters 
of different spas, both at home and abroad, as well as in 
certain minerals like Monazite, Yttrium ore, andFergusonite. 
It is present in the air only in very minute quantities — 
I to 2 pai'ts per 1,000,000. It is incapable of combining 
with other bodies, and is thus classed with Argon and the 


other members of this 
group of inactive gaises. 

Now when Radium 
was discovered, and in- 
vestigators all over the 
world were examining 
the properties of this 
extraordinary element, 
it was soon found that 



Fig. Sorting out the Radiations 


it gave rise to tlirce 
distinct forms of radia- 


emitted bv Radium bv AIbans of 

AN ELECTRO-HaGNET 


tion, the alpha, beta and gamma rays. The first of 
these with which we are the more immediately concerned 


were found on critical examination to consist of a 


swarm of minute particles, each carrying a positive 
charge of electricity. They issued fortli with a speed 
about T?<r of that of light. Mme. Curie found that they 
could be separated from 'the other rays. Under the 
infittence of an electro-magnet, the alpha and beta rays 


are deflected in opposite directions, whilst the gamma rays 
pursue their path unaltered (Fig. 22). Thus each type of 
radiation can be examined. Rutherford made the suggestion 


that these particles, the alpha rays, were really atoms of 
Helium. Later on he conducted a series of experiments 
with Geiger which finally established the truth of his 
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supposition. Then Ramsay found that Radium prepara- 
tions evolved Helium when they were dissolved in water. 
And we must remember that most of the ores which have 
proved to be a source of Helium have also revealed the 
presence of radioactive bodies within them. 

Then came the brilliant series of investigations by Ramsay 
and Soddy which finally established beyond question that 
the Emanation of Radium — ^that mysterious gaseous 
substance — ^was all the time disintegrating and breaking up 
into another wonderful body — ^Hehum ! The experiments 
which established this profotmd fact were triumphs of 
manipulative skill and ingenuity. Later researches con- 
firmed these results. Rutherford and Royds in an admir- 
able piece of work succeeded in enclosing some of the 
Emanation in a glass bulb whose thickness was of the order 
of less than tbW of an inch. This was enclosed in another 
bulb, which was exhausted to a high degree. The alpha 
particles given off were able to pass through the walls of the 
inner bulb by reason of their extreme thinness, and on 
spectroscopic examination the spectral lines of Helium were 
observed in the outer bulb. A control experiment in which 
only Helium was present in the inner bulb gave no result. 
It thus appears that the alpha particles are atoms of 
H^um, and that the Emanation breaks down and changes 
into another element. The Emanation changes into another 
element I What would the old Alchemists have said if they 
could have seen the wonders of this age, and with their own 
^es witnessed the transformation of one element. Radium, 
into the Emanation and thence into another element, 
Helium ? It was not for them, tut for a later age to witness 
these marvels. Yet, in season and out of season, the 
Alchemists preadfied Transmutation. What would they 
have said if th^ could have seen the Mysteries of Radium ? 

After the discovery of these new constituents of the air, 
further search was made in order to find out other possible 
— ^but so far hidden — ^gases. And again success crowned 
the efforts of the investigators. Ramsay and Travels from 
liquefied air, originally supplied by Dr. Hampson for the 
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purpose of reducing Argon to the liquid state, succeeded in 
obtaining a minute quantity of another inert gas which they 
called Krypton {krupto, to hide, Grk.). Its spectrum 
revealed two bright lines in the yellow and green portions of 
the spectrum. It is entirely inert and takes its place with 
the other rare gases, as predicted by Ramsay. 

Neon, another rare and unsuspected constituent of the 
air, was discovered by liquefying Argon and then allowing 
the liquid to evaporate off. The gas w'hich 
came off at any early stage of this operation 
was found to give, when examined in the 
spectroscope, a series of lines which had 
not been observed before. They were 
evidently those of another new gas, another 
constituent of the air. The name given to 
it is a derivative from the Greek Neos, 
new. Here again we have another inert 
gas, and we include it amongst the others. 

It exists in the air only in minute 
quantities, i in 200,000. 

Xenon, an extremely rare constituent 
of our air (i in 20,000,000), w'as discovered 
by Ramsay when engaged in a series of 
delicate and tedious operations with the 
object of preparing the new gases on a 
somewhat larger scale than before. Its 
name is derived from the Greek Xenos, 
a stranger. It is included amongst the 
other inert gases of the atmosphere. 

It has long been known ihat an electrified body, such as 
an Electroscope, which has received a charge of electricity, 
is unable to keep this charge indefinitely. Gradually but 
surely, little by little, the instrument loses its charge. This 
we depict in the annexed illustration (Fig. 23), where the 
gold leaves under a charge and in their normal condition are 
seen. The leaves are attached to a wire terminating in a 
ball or plate which is highly insulated. Under the influence 
of an electric charge, the gold leaves separate and stand out 
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from each other. In normal conditions they hang down 
vertically. The air is not a complete insulator. What is it 
which robs the electroscope of its charge ? Something 
capable of rendering the air a conductor (Chap. xvi). 

The story of Radium gives us the clue and the answer to 
tbis mystery. There exists in the air we breathe minute 
traces of another gaseous substance which we call Niton. 
It is the Emanation of Radium. And the varying con- 
ductivity of the air, for it is not the same in all places, 
depends upon the amount of this wonderful substance 
present in it. The radioactive bodies present in the earth, 
although in minute quantities, are the source from whence 
the emanation passes into the atmosphere. And not only 
the rocks and soil of the earth’s crust, but also springs are 
sources of radioactivity. We know that Helium, as we 
have already seen, has been discovered in many mineral 
waters and hot springs, and its presence there indicates also 
the presence of Radium. And this may account, too, for 
the medicinal effects which have rendei'ed so many waters 
famous. Some of them, especially those on the Continent, 
are almost chemically pure, but are distinguished for their 
high emanation content. Hot springs are found to be more 
radioactive than cold, and although there may be resem- 
blances between individual sprmgs from a chemical point 
of view, yet such often exhibit different radioactive powers. 

The discovery of Radium and the phenomena of radio- 
activity have revealed to us, amongst other wonderful things, 
yet another constituent of the air which we breathe into our 
lungs every moment of the day. 



CHAPTER VIII 


IN FROZEN WORLDS: MARVELS OF LOW 
TEMPERATURES 

The three states of Matter — solids, liquids and gases — are 
familiar to us all in the form of ice, water and steam. And 
of these water, a liquid, seems to us to be the most natural 
form of the three. But iron or other metal is familiar 
to us as a solid, and we are apt to forget that it may exist 
in a liquid and vaporized condition. So, too, the air we 
breathe, or indeed an}^ gas like Oxygen or Nitrogen, are 
known to the majorit 37 ’ of people onty in the gaseous con- 
dition, and it is too often assumed that there can be no other 
state. That is the mistake into which the earty clicmists 
fell. They could not imagine that a gas like H3"drogen 
could exist in the solid and liquid states. We know to-da3^ 
how erroneous those ideas were, for all gases can be liquefied 
and reduced to the solid state under certain conditions. 
We look at water, ii'on, ox3’'gen in terms of their normal 
states. But we must not forget that there are other states 
in which these foi'ms of matter are capable of existing — but 
in an abnormal condition. There are onty two methods by 
which gases can be compelled to assume the liquid state — 
by compression, and by extreme cold. The efforts of the 
early investigators were attended only with partial success. 
Such gases as Chlorine, Sulphur Dioxide, Ammonia, and 
one or two others which are easily liquefied, naturally 
claimed their attention. And it is interesting to compare 
the methods employed in those early days with those which 
obtain to-day. 

Faraday took a strong glass tube bent round in the form 
of an inverted U, and putting some Ammonium Carbonate 
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and Sulphuric Acid in it he heated one end and put the other 
into a freezing mixture. He thus liquefied Carbon Dioxide 
by its own pressure ; and he treated other gases in the same 
way. But it is evident that apparatus such as this would 
sustain no great amount of pressure, and might be a source 
of danger. F araday was moreover confronted with a peculiar 
obstacle which li^ at the root of the whole matter. If a 
gas be compressed it cannot be liquefied unless its tempera- 
ture stands at a certain degree. This is called the Critical 
temperature of the gas. Above this you cannot liquefy a gas 
by simply compressing it. But you may lower the tempera- 
ture much below this point, and at the same time a less 
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pressure will be required. 
Thus, the critical temper- 
atureof Carbon Dioxide 
Gas is about 31“ C., and 
a pressure of over 70 
atmospheres is required 
to liquefy it at that 
degree. But if it be cooled 
to 0°, a pressure of 36 
atmospheres is sufficient. 
The so-called " perma- 


nent gases " like Oxygen, 
Hydrogen etc., have so low a critical temperature that in 
order to liquefy them by compression it would be necessary 
to cool them down sevei^ hundreds of degrees below zero. 
But under the combined influence of pressure and a very low 
temperature all these gases have been liquefied. 

One of the easiest gases to liquefy is Sulphur Dioxide. 
The gas is generated in the ordinaiy way in a flask, F. (Fig. 
24), pa^ed over pumice stone and Sulphuric Acid in order 
to dry it, P,^and then into a vessel surrounded by a freezing 
mixture of ice and salt, V, where it condenses to a light 
mobile liquid. By cooling it down to a temperature of 
about 80®, it can be solidified to an ice-hke mass. 

In the early days it w^ impossible to cool some gases 
sufficiently, and equally impossible to apply the requisite 
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pressure owing to the want of suitable apparatus. But 
Cailletet, by adopting a new principle which underlies all 
modern w^^ork in this direction, was enabled to go further 
than the earlier investigators. The principle is this. If a 
gas be compressed strongly under enormous pressure and 
then suddenly allowed to expand and escape by a small 
orifice it becomes intensely cooled. Oxygen under a pressure 
of 4500 Ib. to the square inch assumed the appearance of an 
" opaque fog." Pictet working on these lines met with 
still greater success. He took Oxygen and submitted it to 
the enormous pressure of 4800 lb. to the square inch, and 
then cdoled it by the rapid evaporation of solid Sulphur 
Dioxide and Carbon Dioxide. The result was that the 
Oxygen assumed the liquid state. Then Ethylene and 
Nitrogen succumbed, and after atmospheric air had been 
liquefied by Olszeuski, Hydrogen was reduced to the liquid 
state in very small quantities. Then Nitrogen was obtained 
in the solid state. Before, it had appeared in " snow-]ike 
crystals." Now, at a temperature of— 225*^0. it was an 
absolute solid. Solid Carbon Dioxide is an interesting 
substance. It presents a white snow-lil<e appearance — 
artificial snow in fact — w^hose temperature is below the 
freezing-point of water by as much as 140° F. Pressed into 
rods, this icy substance has been used in the treatment of 
skin eruptions and blemishes. 

In England, Professor Dewar, who has carried out some 
remarkable researches into the frigid regions of very low 
temperatures, was the first to liquefy air. With the help of 
compressed Nitrous Oxide Gas and liquid Ethylene, which 
was allowed to evaporate suddenly, he produced an extreme 
degree of cold, and not only liquefied air, but reduced Oxygen 
to the state of a pale blue fluid. He then liquefied Hydrogen, 
and allowing it to evaporate he got the amazing result of 
solid air. It appeared at first as a stiff transparent jelly 
which could only be examined in a vacuum or in an atmo- 
sphere of Hydrogen. It melted immediately on exposure 
to air, and in doing so caused some of it to liquefy. The 
liquefaction of Hydrogen was a great feat, but when he 
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announced in a simple message to Sir W. Crookes that he had 
liquefied Helium (and thus produced 468° F. of frost) there 
was universal satisfaction that his researches had been so 
signally rewarded. Dewar also solidified Hydrogen, but 
not Helium. This achievement was the work of Professor 
Onnes, of Leyden, who, telegraphing to Professor Dewar the 
good news, said, “ Converted Helium into solid." Thus 
was the crown put to that long series of researches carried 
on for so many years. By an extension of the principle of 
compression already mentioned, a further impetus was 
given to the production of liquid gases on a large scale. 

Ordinary air, after being subjected to a high compression, 
was passed through a coil of pipes cooled by water, and was 
tlien allowed to expand through an orifice. It became very 
cold and was then allowed to pass round the coil of pipes in 
which it had been confined, thus reducing the temperature 
■within. The air on expansion caused a further reduction in 
the coil. Thus the pipes were progressively cooled to a 
lower and lower temperature so that finally liquid air could 
be drawn off. In this way Triplet, of New York, produced a 
large quantity of the fluid by comparatively simple means. 

Other investigators have produced apparatus on similar 
principles. 

Dewar made liquid Oxygen, and kept it in a special 
vacuum vessel ** as a stiff transparent jeUy ” for some 
time. It appeared to be solid Nitrogen mixed with liquid 
Oxygen, 

Hampson used an apparatus made by the British Oxygen 
Co., which was simple and exceedingly efficient. Linde 
and Claude produced machines fpr liquefying air on a large 
scale. 

Other gases besides air are daily liquefied on a commercial 
basis, and on a scale which was scarcely deemed possible 
in the early days. I am indebted to the Liquid Air and 
Rescue Syndicate, Ltd,, of Park Royal, Willesden, for many 
interesting particulars concerning the production of liquid 
gases on modem lines. Let us take ordinary air as an 
example 
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The air is first of all freed from moisture and Carbon 
Dioxide. This is done by drawing it through a vessel A 
(Fig, 25 ) by means of a compressor. The air enters at the 
bottom and is drawn out at the top after passing thi'ough 
the absorbing agent — Caustic Soda solution — which, falling 
from the top to the bottom, meets the air and absorbs the 
Carbon Dioxide. The air freed from Carbon Dioxide is 
drawn into the air compressor, which compresses it to a 



Fig. 25. Purifier 

By permission of Messrs. Liquid 
Air, Ltd. 


Fig. 2G. Air Liquifier 

By permission of Mer7STs. 
Liquid Air, Ltd. 


maximum of 200 atmospheres (2930 lb. to the square inch). 
It is then cooled to removejihe heat of compression and then 
thoroughly dried. It is now ready to be liquefied. The 
apparatus for this purpose consists of the liquefier E (Fig. 
26) and an expansion engine. Part of the air passes through 
the air-cooled coils J on the outside of the liquefier and is 
then expanded down to a low pressure by the engine. It 
thus becomes very cold — ^below the critical temperature. 
Entering the liquefier at K it rises through the heat ex- 
changer L. This contains a number of small pipes, through 
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which the other part of the compressed air passes down- 
wards and gives up its heat to the rising air from the 
expansion engine. It now reaches the expansion valve M 
greatly reduced in temperature, but still at high pressure. 
This air is expanded through the valve at about atmospheric 
pressure and thus is further cooled. The cold air meets 
with the air from the expansion engine and so is cooled still 
more. Thus the air reaches the expansion valve at a 
temperature which is being continuously reduced until on 
expansion a part is liquefied. This collects in the bottom 
of the apparatus and can be drawn off at N. 

In order to keep liquid air for any 
length of time it is necessary to store it 
in special vessels since the evaporation 
is so excessive. A very convenient 
vacuum vessel was introduced by Dewar 
for this purpose. It consisted of two 
flasks, an outer and an inner (Fig. 27), 
with a space between which was highly 
evacuated of all air so that heat could not 
pass in from without. A coating of Silver 
was placed on the exterior walls of the 
two vessels in order to increase the effect 
Fiq.27. Vacuum of the high vacuum. The modern Thermos 
EssEu flask is made on the same principle. 

Glass vessels are of necessity very fragile, often breaking 
without any apparent reason. They can only be made in 
small sizes and are wasteful in the process of evaporation. 
Metal containers introduced by the Liquid Air Syndicate 
are more durable and easily handed. They can be made in 
any size, and evaporation is reduced to a minimum. 

Liquid air is extensively used in rescue work in mines. It 
contains 60 per cent of Oxygen, and expands to about eight 
hundred times its volume on evaporation, so that it is a means 
of carrying air in a very condensed form. The " Aerophor ” 
apparatus constructed by the Company already alluded to 
is a clever and adequate breathing dress, which demonstrates 
not only one of the modem and useful applications of air 
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in a liquid state, but also its adaptability to work of an 
urgent character carried on for the most part under abnormal 
conditions. A glass full of liquid air is in appearance very 
much like water, but its pale blue tint, which becomes darker 
if the liquid is allowed to evaporate, tells us that it is not 
quite the same. Its properties are highly interesting. 

The temperature of liquid air is exceedingly low, being 
about 312^ below zero Fahrenheit. Most people when the 
word “ zero '' is mentioned in connection with tempera- 
ture, have visions of the thermometer sinking to icy depths 
under the influence of an iron frost. The expressions 
'' 20° below zero or “ 50"^ of frost," etc., make us 
instinctively shiver, while any lower degree of cold reminds 
us of Siberian winters or the horrors of Polar expeditions. 
But here is ordinary air, chained and imprisoned, squeezed 
and compressed, and then chilled to an exceeding coldness, 
so cold, in fact, that ice is warm, a glass of cold water 
positively hot, and the temperature of an ordinary room 
a furnace compared with it. 

A glass of liquid air boils vigorously away all the time, 
its outside becomes covered with an icy layer of frost, while 
clouds of moisture condensed from the surrounding air 
descend and envelope the glass. It was shown by Triplet, 
of New York, in a remarkable series of experiments, some of 
which were described in the "Cosmopolitan," that it is 
possible to thrust one's hand into the liquid provided that 
it is withdrawn at once, A slight sensation of coolness is all 
that is experienced. A thin layer of air forms a kind of 
protective cushion. The experiment recalls the classic one 
of plunging a moistened finger into molten lead where a 
thin covering of vapour affords immunity from harm. 
In both cases " burns " result from a careless method of 
performing these sensational experiments. 

If a lump of ordinary ice be taken and a can of liquid air 
placed upon it, it might well be some red-hot stove, for the 
liquid begins to boil vigorously, and hoar-frost covers the 
surface of the vessel. 

In one of his experiments Triplet took a can of liquid air 
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and heated it over a Bunsen-burner (Chap. ix). It began 
to boil away of course vigorously, while a coating of ice 
covered the surface of the can, the bottom included ! The 
cold produced by the increased evaporation was so gi-eat 
that much of this ice consisted of solid Carbonic Acid Gas 
as well as Aqueous Vapour derived from the surrounding 
air. The heat of the flame was powerless to prevent it. A 
lump of ice caused the liquid air to boil much faster. As he 
says, it was “ as if I had thrown in a hot stone ! ” But the 
addition of water caused the vessel to boil over, while the 
water instantly turned to ice. 

Dewar, at the Royal Institution, in one of his lectures, 
conducted some remarkable experiments. He showed that 
many bodies, particularly metals, became exceedingly 
brittle when immersed in liquid air. An india-rubber ball 
lost its power of rebounding and struck the ground with a 
metallic sound ; metal springs became hard and rigid ; 
metal vessels, especially those of iron, steel, tin, etc., became 
exceedingly brittle, and were liable to break in pieces when 
dropped on the ground, like glass. Many bodies under 
the influence of the low temperature behaved in a very 
interesting way. They commenced to shine with a beautiful 
phosphorescent light I Candles, eggs, a ball of ivory, and 
other objects, all became sdf-luminous. The ivory ball, 
after immersion in liq-uid air and then illuminated by the 
rays of an arc lamp, was especially beautiful with its green 
phosphorescence. White of egg is very luminous, also white 
flowers. Dewar also demonstrated the magnetic character 
of the liquid, for it was attracted to the poles of a powerful 
magnet. Faraday showed that.Oxygen w'as magnetic, and 
liquid air, of course, contains a large amount of that element. 
If a piece of Steel, spring- tipped with Sulphur and ignited by 
a match, be dipped into the liquid, it will continue to burn 
brightly. 

By cooling the outside of a vessel with liquid air and 
repeatedly dipping it into water, Tripler made an ice-cup, 
in which he burnt some Steel wire, recovering afterwards 
bits of molten metal from this crucible of ice. 
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If there is one thing which the early chemists thought was 
incapable of being frozen, it is alcohol. Everything else 
might succumb, but alcohol — ^never 1 To-day, we know 
that whisky and brandy can easily be frozen b}^ pouring 
liquid air into a glass containing these substances. And 
special means even pure alcohol itself may be frozen. 

Skfercury is easily frozen. If a quantity be placed in a 
paper mould and screw-eyes fixed at the end, liquid air 
will convert it into a solid. To one of the e5"es a cord 
be attached, and a weight of manjr pounds suspended from 
the other. 

Liquid Oxygen has been used in aeroplanes fi5ung at high 
altitudes in order to counteract the evil effects produced by 
the rarity of the air. An article in a recent number of the 
" Lancet by Dr. Biiiey, c.b.e., gives some interesting 
particulars of the use of Oxygen in this connection during 
the late war. As the conflict proceeded, and espccialty 
during the later stages, the vital importance of reconnais- 
sance and other work at increasing altitudes from 15,000 
feet upwards, raised problems which it was necessary to 
solve. Up to this height, and for short flights at greater 
altitudes, our airmen suffered no great inconvenience. But 
long flights at anything over 15,000 feet produced marked 
physiological effects, such as a desire for sleep, unsteady gait 
and a feeling of exhaustion, the results due to a want of 
Oxygen. And the higher the altitude attained the more 
pronounced are the effects. At the level of 14,000 feet only, 
the percentage of Oxygen corresponding to its measurement 
at the level of the sea falls to nearly one-half. 

The quantity of Oxygen required to counteract the effects 
mentioned above depends upon the altitude attained by the 
pilot and observer, and the volume of air breathed per 
minute. The average volume when a man was sitting still 
w^as a little over 7 litres (a litre pt. 15 oz.). This rose to 
over 18 litres at a walking pace of two miles per hour. An 
observer using his gun did an amount of work equivalent 
to this degree of exercise, and a supply of Oxygen corre- 
sponding to a work-equivalent of breathing 20 litres per 
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minute (a little over 2 miles per hour) was deemed sufficient. 
As a matter of fact, the amounts supplied were found quite 
sufficient up to altitudes of 20,000 feet and over. But it 
was clearly proved by practical demonstration that reconnais- 
sances of several hours' duration could not be carried out at 
the great height of 20,000 feet without an adequate supply 
of Oxygen gas. In its absence the value of the results 
obtained were much discounted, and the number of men who 
were able to do useful work at that height rapidly dwindled. 
The great difficulty lay in the apparatus employed for the 
purpose of providing the airmen with the additional gas 
required. A mask over the mouth and nose did not appeal 
at an to a man anxious for a fight with the enemy at close 
quarters. At these critical moments even goggles and 
helmets appeared to be unnecessary. 

If it be true that to a man breathing quietly in a nonnal 
manner the percentage of Oxygen in the air we breathe 
(about 20 per cent) is sufficient, it is also true that increased 
exertion, especially at high altitudes, gives rise to symptoms 
of nausea which to airmen are a positive source of danger. 
In the light of this, the use of Oxygen gas as an inhalant is 
of great interest and importance. 



CHAPTER IX 


THE STORY OF FLAMES— COMBUSTION 

The fire which burns in our grate, the gas which illuminates 
our room, the humble candle which was all our ancestors 
had to rely upon in the past, are all examples of Flames or 
gaseous vapours which by chemical combination with the 
Oxygen of the air are rendered so hot that they pass into a 
state of incandescence. 

If vre take an ordinary candle and examine the structure 
of its flame carefully, and see what happens when the candle 
is burning, we shall find much that is of interest in our 
inquiry, and much, too, that will help tis to understand what 
the term “ flames really means. The wick of a candle is 
surrounded by wax, and when it is lighted it draws up the 
melted wax in the form of oil. This burns away with a 
degree of brilliancy depending very much upon the nature 
and composition of the wax composing the candle. If it be 
very pure and of high quality, the brightness of the light is 
much increased. 

The oil passes up into the wick of the candle by a very 
beautiful action known as Capillary attraction " {Capillus, 
hair, Lat.), By this means the oU is lifted up, as it were, 
through the little holes and interstices of the wick, just as 
water is absorbed and drawn up by a piece of blotting paper. 
If a tube of glass be drawn out when heated to redness, its 
bore may be rendered excessively fine. If immersed in 
water the force of cohesion produces a surface tension of the 
film, and the water is drawn up the tube. So, too, in our 
bodies there are numbers of minute little tubes of micro- 
scopic dimensions called Capillaries, through which the 
fluids of the body circulate. 
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The flame of a candle is really divided into four entirely 
different parts, as may be seen by inspecting the accompany- 
ing diagram (Fig. 28). In the Centre is a dark zone or region, 
D, which consists of a quantity of gas in a state of com- 
parative coolness, and therefore only partially burnt. This 
region closely surrounds the wick. Now, just under this 
zone there is a much smaller portion which is blue in colour, 
W, and consists of the products of the burning of the wick. 
Immediately above the dark part of the candle flame is 



Fis. 28. CANDI.B Fig. 29. Cox.- 

FLAMB and its DBCTINGANO 

Strcctubb Burning Gases 

FROM A Candies 


the luminous portion L. This 
consists of gases and vapours 
which are not in a complete 
state of combustion. There 
is consequently present a 
quantity of imbunit Carbon 
in addition to that which gives 
to this area its luminositjf. 
This can be detected by intro- 
ducing a piece of cold metal or 
porcelain, which at once be- 
comes coated with a deposit 
of soot or Carbon in a fine 
state of division. 

Looking again at the dia- 
gram, we sec another zone at 
H which is not so luminous 
by a great deal as the part 
beneath it. All the products 


of the combustion of the wick and wax are here raised to a 


high temperature by complete combination with the Oxygen 
of the air, producing thereby a high state of oxidation. 
And, as we may imagine, this part of the flame is very hot. 

That there is a quantity of gas present in the dark portion 
of the flame D which is not completely burnt is seen by the 
following pretty experiment. We carefully introduce into 
this area a tube of glass, and keeping it steadily in this 
position, we take a match and ignite the gas which now 
escapes from the dark zone (Fig. 29}. It is somewhat 
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astonishing, no doubt, to those who have not^seen this before 
that there should be this amount of combustible gas within 
a candle flame, but from our experiment we know that 
sufficient air caimot be present to ensure complete com- 
bustion, and this is exactly what is necessary if all the 
vapour is to be burnt. 

From what we have seen so far in studying the flame of 
a candle, we may divide flames in general into two main 
divisions — luminous and non-luminous. Flames which are 
very luminous are those in which there is a large amount of 
Carbon present, and this being raised to a very high 
temperature becomes by this means very illuminating. 
There is not a complete oxidation of all the Carbon present. 
There are a rmmber of little particles of unburnt Carbon 
which give to the flame its brilliancy. \Mien they become 
white-hot they radiate forth light of great intensity. 

Take the case of ordinary coal-gas. It contains amongst 
many other constituents several gases which individually 
burn with a more or less bright flame, and it is these which 
give to the gas its illuminating power. 

One of the gases present in coal-gas, a Hydrocarbon as 
it is called, or one Consisting of Carbon and Hydrogen, is 
Olefiant-gas or Ethylene. The other is that well-knowm gas. 
Acetylene. We have therefore present two vrell-known gases 
which contribute to the luminosity of coal-gas and which 
both contain Carbon in their composition. Acetylene has 
not only a very disagreeable smell of itself which is far from 
pleasant, but it bums with a bright smoky flame. And 
when we come to consider that coal-gas contains also other 
illuminating Hydrocarbons,^we see that its luminosity must 
be due to the imperfect combustion of aU these Carbon 
compounds. 

Since there is incomplete combustion, there must be 
present countless numbers of little particles of Carbon which 
render the gas illuminating. The deposit of soot on a piece 
of white porcelain, as we have already seen, is a proof of 
this. A curious fact has been observed concerning this 
question of the luminosity of flam^. If a candle be taken 
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to the top of a very high mountain the luminosity of its 
flame will be considerably diminished. The clue to this 
mysterious behaviour of a flame which apparently is burning 
away in other respects as if it were at a lower altitude, lies 
in the fact that the denser a gas is, the more luminous is its 
flame. On the mountain top, therefore, where the air is 
highly rarefied, we can imagine that the density of the 
gaseous vapour of the candle would be decreased accord- 
ingly. 

Heat, too, has an effect. The hotter a flame is, the greater 
is its luminosity. Beyond a certain temperature, of course, 
the reverse would obtain, since the little particles of Carbon 
would be completely burnt up with a diminution in the 
illuminating power of the flame as the natural consequence. 
Suppose that we burn a little Sulphur in the air. What do 
we see ? Just a little pale blue flame which gives off suffo- 
cating fumes of a gas called Sulphur Dioxide. Now' take a 
jar of Oxygen and place some of the burning Sulphur within 
it on a deflagrating spoon. At once we get a totally different 
form of combustion. The Sulphur burns now with a 
brilliant blue-violet light, and there is a considerable 
evolution of heat. The difference is very marked. 

Let us look now into the question of flames which are 
non-luminous. The pale blue flame of a .spirit-lamp or of 
Hydrogen is not only intensely hot but of low iUiiminating 
power. If, however, the flame of a spirit-lamp be turned up 
very high it becomes a little more luminous owing to the 
combustion being less complete. 

If we introduce into any non-luminous flame, such as that 
of a spirit-lamp, a substance which does not burn aw'ay in 
the flame, but which still retains its solid state, W'*e at once 
cause the flame to become luminous. Thus, if wc place in it 
a small piece of lime or chalk it will cause the flame to 
become brighter, for the chalk will become incandescent and 
will begin to give out light and heat. Or if we blow into the 
flame some finely divided charcoal its luminosity will at 
once be increased. We have given to the flame by artificial 
means a quantity of those little Carbon particles which the 
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flame of a candle naturally possesses. If we introduce a 
substance which does not consist of little particles but is 
solid throughout like Platinum wire, we again get luminosity 
as before. The wire will glow strongly and the flame will 
present quite a different appearance. 

This is the principle of what is called Lime-light. Lime 
is a very refractory substance. It does not burn away if we 
strongly heat it, but becomes white-hot and glows with an 
intense light. Even in a spirit-lamp, as we have seen, it 
becomes quite bright and luminous. But if we expose it to 
the influence of a mixture of Hj'drogen and Oxygen gases, 
which have far greater heating powers than the mere flame 



of a lamp or candle, we shall get a light of the greatest 
brilliancy. A stream of Hydrogen gas at a moderate 
pressure burning with a hot pale flame is mixed with 
Oxygen which is forced or blown " through it at a high 
pressure. These combine^ gases impinge upon a cylinder 
of unslaked Lime (Fig. 30), which is thereby raised to 
incandescence. Such a light is equal to about 250 candle- 
power. 

In all flames there is a limit of temperature below which 
the constituent gases and vapours are not sufficiently heated 
in order to secure free combustion. This we have already 
seen in the case of a candle. The hottest part of the flame 
Is at the top where the chemical action is greatest. There is 
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plenty of air to supply the requisite amount of Oxygen, and 
accordingly we get high temperature and high combustion 
at that point. If a flame be cooled down very much it will 
become less bright or even be extinguished. Thus if a coil 
of wire be placed over a candle (Fig. 31) it will put out the 
flame. The wire cools down the burning gases, abstracts 
some of their heat, and thereby renders them unable to 
maintain combustion. 

If instead of a coil of wire we make use of a piece of very 
fine copper gauze and place it over a jet of coal-gas we shall 
notice a curious effect. When we light the gas we shall find 
that it will burn only above the gauze. Below, the gas is so 
cooled down by the conducting power of the gauze that its 
flame is extinguished. Above, it becomes more heated until 
it is raised to the requisite temperature for ignition. 

The “ Safety-lamp ” of the coal miners, or the Humphry 
Davy lamp as it is called, works on the above principle. 
In ail mines there is always the risk of the air becoming 
dangerously augmented with a considerable quantity of 
Marsh gas (Methzine) or Fire-damp, which forms an 
explosive mixture. The “ Safety-lamp ” was invented to 
prevent those disastrous explosions which even in these 
days occur in the best managed pits. 

The lamp (Fig. 32) consists (in its original form) of a 
container for oil with a gauze cylinder surrounding the 
flame. On the principle of the experiment we have already 
described, the action of the lamp when it is brought into an 
explosive mixture of gases is as follows ; No flame can pass 
through the wire guard from within and thus inflame the 
explosive mixture of gases without. 

Of late years Acetylene has been used in miners’ lamps 
with success. Also electric light lamps with bulbs placed in 
the focus of a parabolic mirror, thus giving a concentrated 
beam of light. And there are special screens provided with 
various safeguards so that the risk from inflammable gases 
may be reduced to a nainimum. 

If -vre take a gas-jet and introduce into it some air we 
shall cause more complete combustion to take place, but 
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the luminosity of the light will decrease. If the air be 
admitted in the right proportion, we shall be able to change 
our bright luminous flame into one which is quite blue in 
colour and intensely hot. We have supplied it with more 
Oxygen. It is the principle of the Bunsen-burner so much 
used in laboratories. Air is caused to enter the base B 
(Fig. 33) by a number of little holes, H, It then passes up 
the main tube T and mixes with the gas supplied through 
the pipe P. The consequence is that we get a mixture of 
air and gas at the top, which can be ignited. It burns with a 
very hot flame with very little Carbon in it, and it is colour- 
less and clean to use. If, however, the little holes be closed. 



Fig. 32. Miner's Safety Lamp. Fig. 33. Bunsen Burner 

the character of the flame at once alters. The air is now cut 
off and we get at the top of the tube the ordinary flame of a 
gas-jet. How different it is from what we had before t 
Although there was a considerable amount of Carbon in the 
gas, yet the pale blue fljime and the heat given out all 
pointed to one conclusion — consumption of the Carbon 
particles with the production of another product, a combina- 
tion of Carbon and Oxygen — ^Carbon Dioxide, 

This gas, which, as we have seen, is one of the con- 
stituents of atmospheric air, is also one of the products of the 
burning of a candle. If we place a candle inside a glass jar 
and replace the stopper, the flame will gradually die out. 
And if we rinse out the jar with a little clear lime-water 
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we shall prove the presence of Carbon Dioxide, for the 
lime-water will turn milky in colour. The little particles 
consist of Carbonate of Calcium formed by the union of the 
T iTYi<» with the Carbonic Acid given off by the candle flame. 

We give a diagram (Fig. 34) representing the experiment. 
Another product of a flame such as that of a candle is water. 
If we carefully perform the previous experiment, taking 
care that the jar is quite cold, we shall notice that, as 
the candle flame gradually fades away, the sides of the 
vessel become dimmed and covered with a thin layer of 



3 Eito. 34. Cakdijb BuRKma m a Jar Fto. 35. A Bx-owriPR 
Ain> Forihro Carbon Bioxidr 

moisture. It is water, and it is formed by the union of 
the Hydrogen present in the flame with the Oxygen in the 
air of the jar. 

I.et us now introduce some air into the flame of the 
Bunsen-bumer by means of an instrument called a blowpipe. 
This consists of a tube (Fig. 35) with a smaller one attached 
to it at light angles, and furnished with a fine nozzle. If we 
direct the stream of air in the proper way, the flame 
becomes extended into a long jet which ends in a point 
(Fig. 36). The flame can now be roughly divided into two 
parts. The base B is very blue and it is known as the 
** Redndxtg ” part of the burner. The part O extending 
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from the top of B to the extreme tip of the flame is the 
** Oxidizing portion. It is very hot, especiall}’' at the 
extreme end. 

If we introduce into the part B a little Oxide of Lead on 
a piece of charcoal, together with some Sodium Carbonate 
and heat it strongly, the Oxygen will be taken awa}^ from 
the Oxide wdth reduction to the metallic state. Little 
globules of Lead will be found on the charcoal. If, however, 
a piece of Copper be placed in the part O, it will become 
covered with a coat of Oxide, for it will unite in this part of 
the flame very readity with Oxygen. In chemical analysis 



Fig. 36. Extension of a Flame by the 
Action of a Blowpipe 


these two portions of the flame with their different properties 
play a very important part in the detection of substances. 
When any body unites with Ox5"gen or combines with it, 
w^e often get a considerable evolution of light and heat, and 
the body is consumed with the formation of fresh sub- 
stances. A little piece of brown paper or a fragment of 
charcoal wiU illustrate this. When a match is applied to 
these substances they slowly smoulder away with a pale 
glow, giving off a little smoke and gaseous products such as 
Carbon Dioxide, etc. They combine with the Oxygen of the 
air just as we saw in the case of a candle flame, and give 
rise to the phenomenon of Combustion. It is true that the 
action is not very intense, but it is just as much combustion 
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in a small way as that which occurs on a larger scale in our 
grates. If we were to introduce the paper into a jar of 
Oxygen gas, that energetic supporter of aU forms of com- 
bustion, it would be burnt up very completely in a few 
seconds. 

When we poke an ordinary fire we illustrate these 
principles. The fire has been burning low, perhaps has 
almost gone out. The room is getting cold. We take up 
the poker and give the coals a good stirring up. Soon we 
notice a change. The dull lifeless embers begin to bum 
away afresh. A plentiful supply of air which they so much 
need — air full of life-giving Oxygen — ^percolates throughout 
the mass and into every hole and cranny. Little flames 
appear here and there. A pleasing warmth diffuses through 
the room. We have worked wonders with a piece of Iron. 
We have given the coals more Oxygen, and caused com- 
bustion to begin once more. Sometimes we augment the 
supply of air by means of the bellows. We direct a stream 
of air against the mass of heated coal and do not allow it to 
cool down again, but we keep on supplying it with more 
Oxygen. The most hopeless fire will often yield to such 
treatment. The homely bellows is often a veritable deus ex 
machind of an unpleasant situation. 

As we have remarked before, it was Lavoisier who was 
the first to show what really happened when bodies were 
heated in the air, and the part played by Oxygen in com- 
bustion. He made clear the true nature of oxidation, and 
overthrowing the old notions which clustered around the 
” Phlogiston ” theory, he proved that the phenomena 
attending combustion had their origin in the umon of bodies 
with an active substance present'in atmospheric air. When 
substances combine with Oxygen they do not always 
exhibit light and heat. If a bar of Iron rusts in the air, we 
do not notice anything very striking. But a bit of Iron 
wire if it be placed in a jar of pure Oxygen — ^what a differ- 
ence I Just tip the end first -with a fragment of burning 
Sulphur and then notice the evolution of light and heat 
which follows. At the end we can collect the product formed 
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by this striking union of the metal with the oxidizing gas. 
It is one of the Oxides of Iron. But we should have to wait 
some considerable time before we could collect a sufficient 
quantity of rust — another Oxide — from our bar of Iron. 
Here the oxidation takes place slowty. Quietly but surely 
the Oxygen of the air is doing its work of transformation. 
But there are no striking phenomena to witness. The 
oxidation which takes place in our bodies every minute 
of our lives, is a form of slow combustion with the libera- 
tion of energy from the burning up (as it were) of the 
organic compounds present. And the food we take is a 
source of potential energy, just as is the coal which we 
place in the fire-box of an engine. And as when the fire 
bums low we supply it with more coal, so, too, when we are 
tired and cold, if we are wise, we take in food (which, like 
coal, is full of Carbon) so that by its " combustion '' we may 
maintain the beat of our bodies. By the process of respira- 
tion or breathing we take in the necessary supply of Oxygen 
for that purpose. And we are always supplying our bodies 
with the food and air which they need for the purpose of 
replacing the materials which are being burnt up (if we may 
so express it) within. 



CHAPTER X 


HYDROGEN AND ITS COMPOUNDS, SODIUM 
AND POTASSIUM 

If we were to exclude water from any estimation which 
we might make of the constituents of the world around us, 
we should remove at the same time a very important 
element. Hydrogen, which forms one-ninth of the weight 
of all the water upon the earth. So, too, in the bodies both 
of animals and human beings, amongst the many elements 
which combined together form all the complex substances 
found in their structure. Hydrogen, in company with Oxygen 
and Carbon, plays a very large part. Water, for instance, 
which is more abundant in the body than any other sub- 
stance, is partly composed of Hydrogen, for in every 
molecule there are two atoms of the gas. And besides the 
inorganic constituents, there are all kinds of organic com- 
pounds such as fats. Carbo-hydrates or bodies consisting of 
Carbon, combined with Oxygen and Hydrogen, Sugar, 
Glucose and other bodies and albuminous substances made 
up largely of Hydrogen, together with Nitrogen, Sulphur, 
Carbon and Oxygen. In plants, also, Hydrogen enters into 
the composition of the organic part of their structure 
together with Carbon and, of course, other elements. 

We may therefore say that Hydrogen is an element 
which is extremely widely distributed in compounds every- 
where, though we cannot say that it exists in a free state to 
any great extent. And this obtains not only on our earth, 
for when we look at the heavenly bodies above us we know 
from what that wonderful instrument, the spectroscope, tells 
us, that Hydrogen is present in them also. The chromo- 
sphere of the Sun, for instance, that vast gaseous shell which 

io6 
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envelops it around, consists of gloving Hydrogen. And 
the red flames which are so prominent in the time of eclipse, 
in the light of modem research are compelled to give up the 
secret of their composition, for we know that they are 
composed of Hydrogen and Helium, In stars, also, and 
nebulae we find that Hydrogen enters into their compo 
sition. 



Fio. 37. Prepaeisg HyDROGE!! 
FROM Zinc and Sclfburic Acid 


There are a great many ways of making this interesting 
gas. Perhaps one of the most convenient wasrs of making 
it in small quantities, if we vish to learn something of its 
properties, is to take some acid which generally contains 
Hydrogen and then get some metal which will take its place. 
The gas thus released from its bonds will come off quite 
readily, and we can collect it 
for examination. Let us take 
Zinc as the replacing metal. 

Into a bottle which is 
furnished preferably with two 
necks we put some granulated 
Zinc, that is to say. Zinc which 
has been melted and allowed 
to fall into a receptacle con- 
taining water, and on it we 
pour through the long tube (Fig. 37) some dilute Sulphuric 
Acid. At once the gas will commence to come off, 
and may be collected in jars of water by displacement. 
It is well to let a few bubbles escape into the air before 
collecting the Hydrogen so that it may be quite pure 
and free from any air. Since the gas is extremely light, and 
more than fourteen times lighter than atmospheric air, we 
can take away the jar when hll the water has been displaced 
and, keeping it inverted, stiE retain the Hydrogen within. 

If we apply a light to the mouth of the jar the gas will 
ignite with a pale blue flame which is very hot. But suppose 
that we take a small test-tube and fill it about half-full with 
the gas and then ignite it, we shall find that the Hydrogen 
mixed with air does not bum so quietly as before. It goes 
off with a loud pop — a miniature explosion. 
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Hydrogen does not support combustion. It is a very 
different gas in that respect from Oxygen. 

If a candle be plunged into a jar of the gas it will be ex- 
tinguished, but the Hydrogen itself will take fire and quietly 
bum away. In doing this it combines with the Oxygen of 
the air, and the product of this combustion is water. From 
this fact Hydrogen derives its name — the producer of 
water [liuddr, water; gennad, to produce, Grk.). We can 
easily demonstrate this by holding a cold pane of glass 
(Fig. 38) over the flame of the gas. It will become covered 
with a fine layer of moisture which has condensed on the 
surface of the glass. But since most gases made in the 
ordinary way contain a little moisture which they carry 
over with them from the generating vessel, it is well to 



Fig. 38. Condensation 
OF Moisture on a Cold 
Glass from a Hydrogen 
Flame 


remove this moisture first. This is 
done by passing the gas, as in the 
figure, through a bent tube containing 
a substance called Calcium Chloride, 
which seizes upon the water present 
in the gas and greedily absorbs it. 

Now it will be remembered that 
in speaking of Carbon Dioxide, one 
of the constituents of air, we drew 


attention to the fact that it is much heavier than air 


itself. Hence we were able to show that it could be 


poured out like water from one vessel into another. But 


in Hydrogen we have a gas which is diametrically opposite 
to Carbon Dioxide in this respect. It is so light that we 
can cause it to pass from one vessel to another by simple 
displacement of the air. 


As will be seen from the diagram (Fig. 39) the receiving 
jar is hdd in an inverted position, and the one full of Hydro- 
gen is carefully brought under it. There are other ways of 
illustrating the extreme lightness of this gas, such as the 
filling of soap-bubbles and balloons which immediately rise 
into the air. The application of this principle to the modem 
air-ship is well known. 

If Hydrogen be taken as unity (i) we can compare the 
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densities of other gases in terms of it. Thus we may say 
that Oxygen is sixteen, and Nitrogen fourteen times 
heavier. In equal volumes of these gases, this would he the 
ratio of the weights, excluding decimals. A gas like Carbon 
Dioxide is twenty-two times heavier. 

Now let us suppose that we have a jar full of Hydrogen in 
an inverted position and that we allow it to remain like this 
for some little time. If we examine it after the interval we 
shall find that a good deal of the gas has escaped into the 
surrounding air, notwithstanding the inverted position of 
the jar. It has diffused and escaped. Air has taken 
its place. 

The phenomenon of the Diffusion of Gases, for most gases 
exhibit it, is rendered clearer by a 
consideration of what has been said 
previously concerning gases in general. 

We know that their molecules are ever 
in vibratory motion though the space 
which separates one of these tiny 
entities from another is incredibly 
small. And since the little particles of 
Hydrogen are so much lighter and have _ , 

a greater velocity of movement than hydrogen Gas to Pass 
those of other heavier gases, we can from one Jar 

understand that they gradually find another 

their way out from the open jar. And it has been found 
that the rapidity with which a gas escapes is in proportion 
to its lightness. 

Not only do gases escape from their containing vessels, 
but they also diffuse through one another. Even a heavy 
gas like Carbon Dioxide will pass gradually from one vessel 
to another if the two be connected. But as we might 
naturally suppose, the same volume of Carbon Dioxide 
would take longer to diffuse than that of Hydrogen. 
But gases diffuse not only through air but also through 
solids. If a tube open at both ends be provided with a 
stopper of paper, or better still, a thin sheet of charcoal 
(Fig. 40) and then filled with Hydrogen and immersed in a 
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vessel of water, after a time the gas will escape and the 
water will rise in the tube. But in a rough way we can 
always test the diffusion of gases by turning on a jet of gas 
in a room. Even if the atmosphere be kept perfectly still, it 
is surprising how quickly the unpleasant smell of the gas is 
noticed in the remotest part of the room. 

If Hydrogen can pass with ease through various opaque 
bodies, we need not be surprised to learn that it will also 
pass into the inner structure of metals — ^be occluded, as it 
is called — and suffer absorption. Among the metals which 
have this power, are Gold, Copper, Iron, 
Palladium. This latter absorbs nearly 
four hundred times its volume of the gas 
at the ordinary temperature of the air, 
and then gives it off slowdy again. But the 
gas has altered properties now, and an 
increased chemical activity. If, as it is 
considered, the Hydrogen in this occluded 
state forms a kind of alloy with the metal, 
it is a very extraordinary one. 

It has been advanced as another proof 
that the gas is closely allied to a metal. 
Indeed, it behaves more like a metal than 
40- Diffusion other element with which we are 
thkooghaChar- acquainted. In electrolysis, or the splitting 
COAL Sheet Qf g, salt in solution, the metal is 

always found at the negative pole. This is the case with 
Hydrogen when water is split up, as it can be, by the 
electric current. Most acids are Salts of Hydrogen, and 
the Hydrogen can be replaced,.by a metal, as we saw at the 
beginning. 

Water is the most important compound of Hydrogcjn and 
Oxygen that^e know. It occurs everywhere in all states of 
purity. In Nature, in the human body, in plants, in our 
food ; everywhere we may say it is present. 

In order that we may get pure water it is necessary to 
subject it to the process of Distillation. So many substances 
dissolve in it, it is so great a solvent for very many bodies 
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that for chemical purposes in the laboratory a supply of 
absolutely pure water is necessary. In a small way we can 
effect the distillation by boiling some water in a flask or 
vessel of some kind and then condensing the vapour formed 
in a suitable receptacle. We give a diagram (Fig. 41) illus- 
trating the process. From the containing vessel a long tube 
surrounded by a larger one passes down into a receiver for the 
liquid. And in order that the condensation may be com- 
plete, water is caused to circulate through the larger tube hy 
means of connecting pipes. this means the vapour as 
it comes off is at once cooled down and condensed, and the 
action goes on regularly and eificiently. Although the 



water thus obtained is pure and coloui'lcss, it is not so 
agreeable to drink as ordinary water which has come into 
contact with the air. As w^e might imagine, it is vapid to the 
taste and devoid of all life. It is most useful, however, in 
chemical work. 

Water may also be rendered purer for many purposes by 
Filtration. If we cause it to pass through some substance 
such as filter paper, sand, gravel, etc. we thereby remove all 
the solid matter w'hich the water often carries in suspension. 

We have seen that in ancient days water was supposed to 
be one of the Elements just in the same way as Earth, Air 
and Fire. And it was not until the close of the eighteenth 
century that its compound character was definitely estab- 
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lished by Cavendish. He found that water was really 
composed of two elements. Oxygen and Hydrogen, and 
that they united in the proportion of two volumes of 
Hydrogen to one of Oxygen. 

Cavendish in his experiments made use of a strong glass 
vessel V (Fig. 42) fitted with a stop-cock S and two platinum 
terminals P, P, by means of which a charge of electricity 
could be passed into the interior of the jar, and so cause 
combination of the gases to occur. In another jar J the 


P P 



Fig. 42. Cavendish's Experiment. 


Oxygen and Hydrogen were mixed in their proper pro- 
portions. The two jars could be connected by screwing the 
one into the other. The vessel, V was evacuated of air by a 
pump and then, when attached to J, the tap was turned and 
the gases filled the vessel and could be exploded. This 
was done repeatedly, and the jar J being graduated and 
standing in water he was able to note the proportion in 
which the liquid rose in this vessel when the gases were 
condensed in V. By this means Cavendish established the 
truth of his propositions. There was the water in the form 
of dew in V. Indeed, he collected quite a quantity. And 



Hydrogen ^ its Compounds 113 

comparing the weight of this water with the w^eight of the 
gases originally taken, he found that it was identical. 

A more accurate and refined method of carrying out 
the quantitative synthesis of water, or in other words to 
imitate the methods adopted by Cavendish more accurately, 
in forming water from Oxygen and Hydrogen and establish- 
ing the proportions in which the two gases unite, is by 
employing what is known as a Eudiometer {endios, quiet air ; 


meiron, a measure, Grk.). This consists of a long graduated 
tube (Fig. 43) fitted with platinum terminals at the top, 
which is closed. The lower end is immersed in Mercury, 


which also fills the whole tube. Hydrogen 
is passed up the tube, and its volume is 
then very carefully determined. Oxj'gen 
is next passed up. Its volume is estimated 
by taking the volume of the Hydrogen first 
passed up and then subtracting it from the 
total volume present in the tube of the 
gaseous mixture. The gases are now 
exploded by an electric spark through the 
platinum wires. At once the tube shows a 
deposition of dew on its sides, and the 
Mercury previously displaced rushes up the 
tube. The volume of the gas which remains 
is now carefully determined. It is Oxygen. 
If 100 volumes of Hydrogen be taken at 



Fig. 43. Etidio- 

MBXBR 


the beginning we shall find that only 25 
volumes of Oxygen remain behind at the conclusion of 
the experiment, supposing that we started with 75 
volumes. Thus 50 volumes have been united with 100 
volumes of Hydrogen, or 1 volume of Oxygen with 2 


volumes of Hydrogen. 

Since the composition of water by weight has been 
established by numerous carefully conducted experiments 
with every degree of refinement and manipulative skill, it 
may be interesting to describe an experiment which we 
might make (roughly it is true) to illustrate the methods 
employed. Since the atomic weight of Oxygen is nearly i6> 


u 
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an d from a knowledge of the actual proportions in which 
the constituent gases of water unite, the ratio of 12-2 would 
represent the proportions by weight of the gases in water. 
And this is what it works out at in the accurate determina- 
tions of to-day. Hydrogen is generated in a flask F (Fig. 44) 
and passes from thence into a curved tube A which contains 
Calcium Chloride. This frees the gas from most of its 
moisture. But this will be removed almost entirely by 
causing the gas to bubble through a second flask B containing 
Sulphuric Acid which, like Calcium Chloride, has an intense 
affinity for water. The gas then enters a vessel C which 
contains Copper Oxide, and which can be heated strongly 



Fig. 44. Appasatcs for Determining the Composition of 
Water by Weight 


by a gas-jet. Communication by a tube leads from C to D, 
another vessel in which the water formed by heating the 
Oxide with Hydrogen collects. As the experiment proceeds 
the Oxide loses weight, for its Oxygen has combined with 
the Hydrogen to form water. The loss represents the actual 
weight of Oxygen, and if we subtract this from the weight of 
water produced in D we shall obtain the weight of the 
Hydrogen which has entered into combination. The result 
of every carefully conducted experiment has been conclusive 
in establishing the ratio of about 16 to 2, or 8 to i as the 
true one. It is the proportion in which Oxygen and 
Hydrogen unite by weight to form water. 

Pure water is colourless except in large quantities, when 
it appears green or bluish green. It freezes at o® C. 
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(32° F.) and boils at loo® C. (212° F.), under normal 
conditions. 


There is another Oxide of H3’'drogen besides water. It 
contains twice as much Ox3"gen. It is called H3’drogen 
Peroxide. To one part b3^ weight of H3'drogen Gas there 
are sixteen parts b3r weight of Ox3"gen. It is a ver3* 
stable liquid and is alwa3’s rea.d3’^ to give up half its Oxv'gen. 
It is veiy unlike water, althougla it is composed of the same 
elements. But the addition of an extra atom of Ox3"gen 


(as in the case of Ozone) makes all 
the difference. Like Ozone, it has 
very strong oxidizing powers. It 
bleaches colouring matter and turns 
hair to a golden-3^ellow. It ma3" be 
prepared by treating Barium Dioxide 
with Hydrochloric Acid. 

We have alread3" mentioned in a 
previous chapter (Chap, vi) that in 
atmospheric air there is alwa3’s 
present a small quantity of a com- 
pound of Hydrogen with Nitrogen 
called Ammonia. It is an interesting 
substance. When animal or vegetable 
matter decomposes we get Ammonia 
formed. It is also derived from 



Fig, 45. CoLLBCTiNo 


horns, hence the old name of Spirits AivmoNiA Gas by Upward 
, ^ T .... Displacement of Air 

of Hartshorn. Immense quantities 


are obtained by the after-treatment of the ammoniacal 


liquids in gas-works. 

One of the best ways of preparing the gas is to heat Sal- 
ammoniac (Ammonium Chloride) with quick-lime. 

Ammonia is very soluble in water and therefore cannot 
be collected in the ordinary way over water like Oxygen, 


but by upward displacement of the air in a jar (Fig. 45), for 
it is lighter than air. 

Pure Ammonia is quite colourless, but possesses a strong 


penetrating smell. It is soluble in water to a great extent. 
One gram of water at o'’ absorbs more than one thousand 
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times its volume of the gas. This solution constitutes the 
ordinary Ammonia of the shops. The gas is a non-supporter 
of combustion, and cannot be ignited readily. It burns 
more readily when a little Oxygen is mixed with it. 

Ammonia forms different compounds or " Salts ” when 
neutralised by acids such as Hydrochloric (forming Am- 
monium Chloride) or Nitric Acid (forming Ammonium 
Nitrate). These correspond closely to the compounds which 
are formed by the alkali-metals Sodium and Potassium. 
Thus we have Sodium Chloride and Potassium Nitrate. 
But in these compounds we have a definite metal, Sodium 
and Potassium, on which we can put our hands. In the 
Salts of Ammonia the Ammonium is merely a hypothetical 
substance which has not been isolated, and it is this " metal,” 
if we may so call it, which forms compounds analogous to 
those of the metals Potassium and Sodium. 

Potassium, a metal, belongs to what we may call a family 
group of closely allied members of what are called alkaline 
metals, whose Oxides form alkaline solutions which have 
the power of neutralising acids. Other members of the 
group are Sodium, Lithium, Caesium, Rubidium, and that 
mysterious substance, the " Mystery Metal,” Ammonium. 

Potassium is very widely distributed ever3rwhere in the 
soil, in plants, in the form of Nitrates (Saltpetre and Chili 
Saltpetre) and in many minerals. 

In the early days of chemistry a substance like Potash, 
which is an alkaline compound of Potassium, was thought 
to be an element, and incapable of being decomposed into 
anything further. But by means of a strong electric current 
Sir Humphrey Davy proved that the real element in Potash 
was the metal Potassium. 

Potassium, when freshly prepared, is a white silvery 
substance, quite soft, with a strong afiinity for the Oxygen 
of the air. It is therefore generally kept in naphtha or some 
substaJnee whicdi is free from Oxygen. It decomposes water 
violently. If we put a piece on it, it will bum away, greedily 
absorbing the Oxygen, and producing so great a degree of 
heat bv the combination that the Hydrogen of the water. 
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now set free, catches fire. The flame is tinged a beautiful 
violet — the characteristic colour of Potassium. WTien the 
action is over we get a solution of Caustic Potash left over. 
It is strongly alkaline. 

The compounds of Potassium are, many of them, very 
important, and we shall look at some of them later on. We 
have made use of one Potassium Chlorate in making 
Oxygen Gas, it will be remembered, and there are others 
equally important. 

Sodium occurs so much everywhere, and is so widely 
distributed, that its beautiful bright yellow lines which we 
shall study (together with others when we come to look at 
the spectroscope), are familiar objects to every student. 
And we know, moreover, that besides a host of other bodies, 
it is present in the spectrum of the sun, where it exists in the 
state of a glowing vapour. Stellar spectra reveal its presence, 
and in comets it can also be observed. In appearance and 
properties Sodium very closely resembles Potassium, though 
its action on water is not so violent. It forms many well- 
known compounds such as Common Salt, Sodium Chloride, 
Caustic Soda, Sodium Carbonate, an important constituent 
of soap, Glass and othei's. 



CHAPTER XI 


A CLOSELY RELATED FAMILY— CHLORINE, BROMINE, 
IODINE, FLUORINE 

The individual membei-s of this group or family form com- 
pounds with other elements which closely resemble one 
another. For this reason they are generally classed under 
one head in order to exhibit more clearly their chemical 
relationship. 

Chlorine does not occur in a free state in Nature but in 
combination with other elements, especially Sodium, 
forming vast deposits of salt in all parts of the world. And 
of course, in sea-water Sodium Chloride exists in large 
quantities; indeed, we may say that it is its chief con- 
stituent. 

Since Chlorine exists in combination with Sodium in 
common salt, it would seem probable that we should be able 
to extract it from that body ; and this is actually the case. 
In fact, in a general way, it is one of the best methods of 
preparing it. We take some salt and add to it a little black 
Oxide of Manganese and treat this mixture in a flask with 
Sulphuric Acid. Since the gas is very soluble in water, it is 
best to collect it in a jar by downward displacement of the 
air. It is nearly two and a half times as heavy as air, so 
that a jar can be easily filled with it. 

Chlorine is a gas with a number of most interesting 
characteristics, though its irritating and very disagreeable 
smell renders its preparation undesirable except in a labora- 
tory. 

In our study of Oxygen we saw that it was a gas capable 
of great chemical activity, but for the most part we have 
to call in the aid of heat in order to cause the necessary 

ii8 
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combination to occur* We then get spectacular effects, 
often of great beauty. 

Chlorine, to a greater extent than Oxygen, combines very 
readily with a great many bodies, and that, too, at the 
ordinary temperature of the air, so that we obtain very 
striking effects of its acthdty. Take such a substance as 
Phosphorus ; we know that it is a very inflammable body, 
and is always giving off fumes, the result of slow oxidation. 
But even Phosphorus does not spontane- 
ously take fire in Oxygen gas, though it 
is always quietly ** burning away by a 
process of slow combustion whenever it is 
exposed to the open air. But with Chlorine 
its behaviour is very different. Here we 
get an immediate chemical action attended 
by light and heat. The Phosphorus ignites 
at once, forming the Trichloiide, and 
although the brilliancy of the light is 
inferior to that in Ox3"gen. yet the gi'eenish 
flame which we see tells us that the action 
is very intense. 

Antimony in a fine powder also spon- 
taneously ignites in the presence of Chlorine, 

or a very thin sheet of Copper will catch Fig. 46. 
o j * . -u Exploding a Mix- 

fire and burn m the same way. of chlorine 

Chlorine combines very energetically and Hydrogen by 
with Hydrogen. If we fill a jar with equal 
volumes of the two gases and expose it to 
the rays of the sun, the Chlorine will combine with the 
Hydrogen with explosive violence. Or the mixture of gases 
may he exploded by electricity. A vessel is fitted with two 
terminals (Fig. 46), P P, which can be connected up to an 
Induction Coil. Wien the current passes the gases combine 
at once. The vessel must be protected during the experi- 
ment. If we introduce a flame into a jar of the gas, the 
result in the light of what we have been sa3dng is not difficult 
to forecast. If we make use of a candle, we know that one of 
the products of its combustion is Hydrogen, and of course 
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the Chlorine will immediately seize upon this. The con- 
sequence is that there will be a good deal of the Carbon in 
the flame which will be as it were left out in the cold alto- 
gether. It will be seen given off in the form of a thick smoky 
cloud. And a paper soaked with turpentine will actually 
take fire, so great is the heat of combination. Since in 
every molecule of the liquid there are at least ten Carbon 
atoms, it is not surprising that we get a very heavy de- 
position of soot in this experiment. Practical advantage 
is taken of the extreme ease %vith which Chlorine unites with 
Hydrogen. Chlorine itself is very soluble in water, which 
dissolves more than twice its volume of the gas. Now it has 
been observed that a solution of this gas gradually changes 
in colour (Chlorine in colour is yellow-green), pointing to 
some chemical action taking place in the liquid. What more 
natural than that some of the Chlorine should combine with 
the Hydrogen close at hand in the molecules of the water ? 
But in the act of doing this a number of Oxygen atoms are 
necessarily left wandering about and ready to combine with 
anything. And in this state — ^this Nascent {nascor, am 
bom, Lat.) state — they are capable of acting in a manner 
entirely different from ordinary atoms existing in a free 
state. This accounts for the loss in colour of the solution, 
and gives us the clue to the practical application of these 
curious facts. If we have present in the water any colouring 
matter of a vegetable substance, such as Indigo, for instance, 
the nascent Oxygen will quickly discharge the blue colour 
at the time when it is liberated. 

It will be obvious, of course, that such a method of 
bleaching is not applicable to objects in a dry condition, 
since there would be no atoms oT Oxygen ready to do their 
work in a nascent condition. Moisture is essential. 

For bleaching purposes on commercial lines. Chlorine 
is generally used in a combined form with Calcium, forming 
what is known as Chloride of Lime, a mixture of Calcium 
Hypochlorite and Calcium Chloride. This substance is also 
used as a disinfectant and deodorant. On exposure to the 
air it slowly gives up Chlorine, together with an atom of 
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Hydrogen and Oxygen, forming what is called Hypochlorous 
Acid. This substance has strong oxidizing powers. 

We have seen that Chlorine and Hydrogen unite together 
under the influence of the electric spark with explosive 
violence. And since it is not possible verj^' well to examine 
the result of this combination under these conditions, we 
must allow the two gases to combine with one another more 
quietly. This we do by calling in diffused sunlight to our 
aid. Its radiations will do what the electric spark does, but 
without the destruction of the containing vessel. When the 
experiment is over, what is left ? We know that when we 
caused Hydrogen to combine with Oxj^gen we obtained 
water as the product of the union of the two gases. But 
when we combine Hydrogen with Chlorine we get something 
quite different, an invisible, colourless gas with the power of 
giving out fumes, if the air be moist. It is Hydrochloric Acid, 
the only compound which Chlorine forms with Hydrogen. 
Equal volumes of the two gases must be taken if we are to 
prepare the acid in this synthetic {sun, together ; tith^mi, 
put, place, Grk.) way. For the purpose of preparing 
sufficient quantities in order to study its properties, we can 
take some salt and treat it with Sulphuric Acid, replacing 
the Sodium in the salt with Hydrogen. Hydrochloric 
Acid as thus prepared is a colourless gas which fumes 
strongly in the air owing to its affinity for water. It is very 
soluble, therefore, as we might imagine, in water, which is 
able to dissolve more than four hundred and fifty times its 
volume of the gas. If we go into a shop and ask for some 
of the acid, this is what we get — a solution of the gas in 
water, generally a little coloured from impurities present. 
It is very strong and dissolves metals like Zinc, etc., with 
ease, the Hydrogen coming away, whilst the Chlorine unites 
with the metal to form a Chloride. 

We can very strikingly demonstrate the composition of 
Hydrochloric Acid by volume, splitting it up into its con- 
stituent gases, and thereby showing that it is composed of 
equal volumes of Hydrogen and Chlorine. 

A vessel V has two platinum plates P, P, connected to 



122 


A Closely Related Family 

wires, W W, passing through a rubber cork. T wo long tubes, 
T, T. are filled with the acid and inverted over the platinum 
plates. The vessel also contains acid. A current of electric- 
ity is now passed through the connecting wires. Little 
bubbles of gas are given off at each of the electrodes. Chlorine 
is evolved from the + pole, and we get Hydrogen given off 
at the — pole. After a time it will be found that equal 
volumes of the gases occupy the two tubes. One volume 
of Hydrogen combines with one volume of Chlorine to form 
two volumes of Hydrochloric Acid (Fig. 47). We have seen 
in our study, so far, of the properties of Chlorine and Hydro- 
chloric Acid that one of their chief 
characteristics is the ease with which 
T both these gases (especially the latter) 
dissolve in water. And incidentally it 
reveals the remarkable solvent power 
of water. We know that salt, a solid, 
dissolves very readily, but by the 
simple substitution of Hydrogen for the 
Sodium we get a gas which is very 
soluble also. But there are degrees of 
solubility, and as we rise higher and 
Fio. 47. Decomposing higher in the scale, we notice how 
Means of Electricity profoundly the character of the solution 
alters. 

We have, for instance, seen that Carbon Dioxide dissolves 
in water to an appreciable extent, and under pressure to a 
greater degree, so that it renders the water bright, sparkling 
and buoyant. We enjoy drinking such water. When pure it 
is clear, tasteless and inodorous. It is also harmless. 

Take now a gas like AmmonSa. It is very much more 
soluble than Carbon Dioxide, but the solution is clear and 


bright, and the two solutions are scarcely distinguishable 
from one another by mere inspection. But directly we open 
a bottle of Ammonia as sold in the shops, which is a solution 
of the gas, the penetrating fumes and pungent smell warn 
us that here we have a liquid which, although it may be 
clear, is not tasteless and inodorous. Moreover, it is harmful. 
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Chlorine dissolves in water to form a solution also. But now 
a change occurs. The colour of the water when solution 
takes place is yellow-greenish in hue. It is evil-smelling, 
and clearly unfit for drinking purposes. The whole character 
of the water is altered. How much more so, then, in the 
case of Hydrochloric Acid, which we have just been studying ! 
We get a solution which is not only very acid to the taste, 
but which has the power of dissolving metals, and fumes 
strongly in the air. What a contrast to the solution of 
Carbon Dioxide ! 

If we take a mixture of Hydrochloric and Nitric Acids, 
which of themselves are not able to dissoh^e such metals 
as platinum and gold, we can effect their dissolution verj^ 
easily. Such a mixture is called “ Aqua Regia/' because of 
its action upon the so-called Noble " metals. Hence its 
name {aqua, \vater ; regia, noble, Lat.). The action which 
occurs is rather complicated, but it is interesting to observe 
that a great deal of Chlorine is given ofi in a nascent state. 
This no doubt plays a large part in the peculiar properties 
of the mixture. One part of Nitric Acid to three parts of the 
Hydrochloric are usually employed. 

Potassium Chlorate with which, it may be remembered, 
we prepared Oxygen, is an important substance. It is 
formed by passing Chlorine into a warm solution of Caustic 
Potash. The Chlorate is not very soluble in water, and if we 
concentrate the resulting liquid by heat we shall get the 
salt to crystallize out in a fairly pure condition. The 
crystals are often large and in the form of fiat six-sided 
plates. Since the Chlorate contains so much Oxygen it is 
extensively used in the manufacture of fire-works, and in 
making matches. 

Chlorine, by reason of its suffocating and highly irritating 
effects on the human system, was one of the gases employed 
with such deadly results in the late war. A study of its 
properties tells us how applicable was its name of “ Poison 
Gas.^' 

Bromine is one of the few elements which we meet with 
in the liquid state. It is dark red in colour, and from its 
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name [Brnmos, a smell, Grk.) we should naturally expect 
it to have a distinctive smell, which it decidedly has. It is 
soluble in water to a considerable extent, and the solution 
is often used because of its oxidizing action. In fact it 
imitates Chlorine in that respect, for it has a great affinity 
for Hydrogen, though not to the same extent. 

It can be prepared by acting on Potassium Bromide 
with Sulphuric Acid in the presence of Manganese Dioxide. 

We have seen that Chlorine forms one compound only — 
Hydrochloric Acid — ^with Hydrogen. So also Bromine. The 
compound is an acid like Hydrochloric, and it is known as 
Hydrobromic Acid. If we mix together Hydrogen and 
Bromine vapour we find that they do not unite together 
with the intense action which a mixture of Chlorine and 
Hydrogen gases displays. Even in direct sunlight we need 
not fear any explosive combination, which, as we have seen, 
occurs in the case of Chlorine. But what the sunlight 
radiations fail to effect, the magic power of the electric 
spark will at once perform. 

Hydrobromic Acid, as we have said, closely resembles 
Hydrochloric Acid in its properties. It is very soluble in 
water, and fumes strongly in moist air. 

In company with Hydrogen, Bromine forms a series of 
compounds — ^Bromic, Hydrobromous Acid and Perbromic 
Acid. And as we get Chlorides by the union of the gas 
Chlorine with a metal, such as Potassium, to form Potassium 
Chloride, so, too, in the case of Bromine we get Potassium 
Bromide, or any other Bromide corresponding to the metal 
which we may use. 

Potassium Bromide is a very well-known substance. It 
is employed in medicine as a sddative, and in photography 
it has an action upon developers curiously resembling its 
ph5reiological properties. If we treat Caustic Potash with 
Bromine we get Potassium Bromide formed in solution. 

Bromine is prepared from sea-weed on the large scale, 
together with Iodine, the two processes going hand in hand. 
The “ kelp ” as it is called (the sea-weed after it has been 
burnt) is treated first with water and then with Sulphuric 
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Acid to decompose the sulphides, etc. The acid solution is 
now, after concentration, transferred to retorts or stills, and 
Llanganese Dioxide is added and the Iodine condensed. 
After this process is concluded more Manganese is added and 
the Bromine is then liberated. 

We have indicated the process by which Iodine is obtained 
from kelp " or sea- weed, and we need not enlarge upon it 
further. 

Hydriodic Acid with Manganese Dioxide and Sulphuric 
Acid gwe Manganese Sulphate, Water and Iodine. On a 
small scale in the laboratory- Iodine may be prepared from 
one of the Iodides, such as Sodium or Potassium, b}^ treating 
it with Manganese and Sulphuric Acid. The Iodine comes 
off as a beautiful violet vapour which condenses into a dark 
solid resembling graphite. The vapour is exceeding heavy, 
nearly nine times that of atmospheric air. 

Iodine forms with starch a very beautiful and character- 
istic blue colour, which is used as an exceedingly delicate 
test of the presence of starch in any suspected substance. 
Now, just as in the case of Hydrochloric and Hydrobromic 
Acids we have Chlorine and Bromine attaching themselves 
to Hydrogen in the proportion of one volume of each of 
these bodies respectively to one of that gas, so also we find 
that Iodine and Hydrogen combine together to form an 
acid in the same proportions — Hydriodic Acid. It is a 
colourless gas, which fumes in the air and is very soluble in 
water. Iodine is largely used in medicine, as also are 
Potassium Iodide and others. It is interesting to note that 
the name given to this element is a Greek derivative, ion, 
violet, from the beautiful colour of its vapour. 

We come now to the last of this remarkable family of the 
Halogens (Chap. xvii). We have seen that one is a gas 
(Chlorine), one a liquid (Bromine), one a solid (Iodine). 
Here we have another, which is a gas, Fluorine. Of all the 
members of the group, and indeed of all the elements, at 
ordinary temperatures, this gas is the most active, though, 
strange to say, it does not combine with Oxygen. It is 
widely distributed in combination with elements like Calcium, 
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forming fluor-spar, with aluminium and silicon in the 
topaz and with others. Fluorine is univalent like the other 
members of the family. It forms with Hydrogen the acid 
called Hydrofluoric. If we treat fluor-spar with Sulphuric 
Acid we get the gas given off. But it must be observed that 
inasmuch as it attacks glass, gradually dissolving it, for it 
acts on the silica contained in it, we cannot prepare it in the 
usual way as in the case of other gases, but only in platinum 
or lead vessels. And this property is largely made use of for 
the purpose of etching various designs, graduated marks, 
etc., on all kinds of glass ware, scientific instruments and 
the like. 

Suppose that we place in a glass jar a vessel of lead con- 
taining some fluor-spar and Sulphuric Acid (Fig. 48). We 
can illustrate the corrosive action of the gas by covering 
the jar with a pane of glass coated with wax except in those 
portions where we desire the fumes to act. After a time 
the figure corresponding to the bare parts of the glass will 
be permanently etched on the pane. 



Fig. 48. Etching Glass with Hydsofluoric 
Acid Fuubs 



CHAPTER XII 


SULPHUR— PHOSPHORUS— ARSENIC-— ANTIMONY- 
BISMUTH 

Most people are familiar with Sulphur, or Brimstone as it 
is called. Its familiar yellow colour and the irritating fumes 
which are produced when it burns are known to most of us. 
It has been found existing in a free state in Sicily and other 
countries, especially in volcanic districts. 

Many metals in the form of sulphides contaiir Sulphur, 
such as Zinc Sulphide or Blende, as it is called, Copper 
Sulphide, and Sulphide of Lead. In the form of sulphates 
it exists in Gj^psum or Calcium Sulphate, in heat^j^ Spar or 
Barium Sulphate, and in Sodium Sulphate (Glauber's Salts). 
Some mineral waters, such as those of Aix-la-Chapelle, 
Harrogate, contain a good deal of Sulphur in the form of 
Sulphuretted Hydrogen, which we shall look at presently'’. 
To the presence of this gas they owe their unpleasant taste 
and smell. 

In order to obtain Sulphur from its ores, it is usual to melt 
it down in a limited supply of air. The crude material thus 
treated is collected and subjected to distillation, and comes 
into the market either in the well-known form of Flowers 
of Sulphur " — a very fine powder — or as Roll Sulphur/’ 
which takes the shape of the original moulds in which, when 
melted, it has been cast. There is also a form of Sulphur 
which is known as Milk of Sulphur." It has the appear- 
ance of a light powder. 

Sulphur has some very curious characteristics when we 
come to study its nature. In the first place it is found to 
exist in three different forms or modifications. It is an 
allotropic substance. And it is the second element 
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which we have come across so far which exhibits this 
property. 

In our review of the “ air we breathe ” (Chap, vi) we 
came across, it wiU be remembered, that curious gas called 
Ozone, which we found to be an allotropic modification of 
Oxygen, and as we go on we shall find that Phosphorus also 
exhibits the same power of existing in different forms. This 
is a very strange thing, for it leads one to suppose that there 
must be some inherent difference in the atomic and molecular 
structure of these bodies which accounts for their assuming 
different forms. At all events this is what appears to be the 
most likely explanation, and it is largely 
accepted to-day. 

If we examine a piece of Sulphur as it is 
found in Nature we shall see that it is 
formed of a number of beautiful crystals 
which are octahedral (i.e. eight-sided) and 
belong to the rhombic .system (Fig. .^19). 
Crystalline bodies assume different forms as 
they pass from the liquid to the solid state, 
and it is possible to arrange them into systems 
corresponding to the particular shape and 
form of the little crystals of which their 
structure is composed. 

Now, suppose that we take a little Sulphur 
and melt it in a flask and then allow it to cool 
If we examine it carefully wc shall sec that 
it has crystallised now in quite a different way — ^long, 
transparent, needle-like crystals of prismatic form. They 
belong to an entirely different system, the Monoclinic 
(Fig. 50). 

The curious thing about these monoclinic crystals 
obtained in this way is that they gradually pass into the 
octahedral form. Their structure, therefore, is far from 
stable. The third modification is seen on a consideration of 
the phenomena which Sulphur exhibits when it is heated 
to a temperature sufficient to cause it to pass into vapour. 

At first it melts to a clear yellow fluid, but as it gets hotter 



Fig. 49. Crys- 
iai-ofNative 
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down again. 
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and hotter we notice that the colour of the liquid changes. 
It becomes much darker and thicker. But at a still higher 
temperature it again becomes fluid and finally passes off on 
boiling into a red vapour. Now when the Sulphur becomes 
fluid for the second time and is then poured into a vessel 
of cold water, we get a very curious modification (the third) 
consisting of a soft clinging mass of material which can be 
drawn out into long threads. 

These are very extraordinary' changes. Moreover, it is 
seen that whereas ordinary Sulphur is soluble in Carbon 
Disulphide, an evil-smelling substance which is able to 
dissolve so man3^ substances, 5’et this peculiar modification, 
which reminds us of india- 
rubber, is insoluble. The 
Sulphur has been so changed 
by the molecular disarrange- 
ment it has suffered through 
the application of heat, that 
we can scarcely recognise it in 
its new guise. And it only 
emphasises the extraordinary 
properties which some bodies 
have of passing into different 
forms under the influence of Crystals of Sulphur 

AFTER AlELTIXG 

heat, light or nny other agency. 

Modern research tells us that there are bodies which 
change their colour under the stimulation of light-rays, 
and that when they are removed into the dark they 
quietly change back to their original colour once more. 
Moreover, it has been found that these changes can be 
brought about by the application of heat and cold. 

Take Sulphur, whose properties we are now considering. 
It has been found that if it is subjected to the intense cold 
of solid Carbonic Acid, Sulphur loses its characteristic 
colour and becomes white ! But on being removed from its 
icy surroundings it gradually regains its original colour. 
Bodies there are, too, which exhibit these reversible colours 
on the application of heat. 
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Sulphur is very inflammable and burns away with a pale 
blue flame, uniting with the Oxygen of the air to form 
Sulphur Dioxide, a suffocating gas. It also exhibits great 
activity when metals like Copper are brought in contact 
with its vapour. Heat and light are evolved, and Sulphide 
of Copper is formed. 

In order to prepare Sulphur Dioxide on a small scale for 
experimental purposes, it is usual to treat Copper with 
Sulphuric Acid. Copper and Sulphuric Acid give Copper 
Sulphate, Water and Sulphur Dioxide. 

The gas is colourless and very soluble 
in water. It is therefore better to collect 
it by displacement of air. 

/ ^ Sulphur Dioxide has strong disinfectant 

^ and bleaching powers. Now, it will be 

g remembered that Chlorine owes its bleach- 

ing power to the liberation of nascent 
Oxygen which, directly it is freed, seizes 
upon the colouring matter. Sulphur 
Dioxide bleaches in quite the opposite 
way. Instead of oxidizing, it de-oxidizes 
, or reduces the colour of any silk, wool, etc., 

Fig. 51. Bleach- which may be exposed to its influence. 
iNQ A Flower What happens is that it liberates Hydrogen 
Dioxiob^as^*' takes away the Oxygen from the 
colouring matter to form Sulphuric Acid. 
If we pass some of the gas into a jar which contains some 
flowers in a moistened condition, or a piece of coloured silk 
(Fig. 51), we can easily test its bleaching power. 

The solution of the gas in water forms Sulphurous Acid. 
If we heat the solution it gives off the gas once more. 
Compounds known as Sulphites are formed when we 
neutralise the acid with a base such as Sodium Hydroxide 
or Caustic Soda. 


When Sulphurous Acid is exposed to the air it absorbs an 
additional atom of Oxygen and is converted into Sulphuric 
Acid. This important acid will be considered in a later 
chapter (Chap. xiv). 
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Sulphur forms with Hydrogen a very important gas called 
Sulphuretted Hydrogen, or Hydrogen Sulphide. It occurs 
naturally in some mineral waters, and they doubtless owe 
their nauseous taste and smeU to its presence, for it is 
soluble to a considerable degree. Many organic substances 
like eggs contain this gas when in a state of decomposition. 
This accounts for their proverbial odour. The tarnishing of 
silver in smoky towns is due also to this gas, which forms a 
thin film of black Sulphide of Silver on the surface of the 
article, showing that the atmosphere contains traces of 
this gas. 

The interest of the gas in the laboratory arises from the 
use which is made of it in Anatysis. 

Suppose that we take some Copper Sulphate or “ blue- 
stone,'' as it is popularly called, and having dissolved it in 
water, pass a stream of the gas through it. At once we 
notice a black precipitate formed of Copper Sulphide. If 
we take a solution of x^ntimony we get an orange precipitate. 
But if we take a solution of common salt and treat it in this 
way we get no precipitate, for Sodium Sulphide is a soluble 
substance. From this it can be seen that we can divide up 
metals into groups according to their beha\iour towards 
Sulphuretted Hydrogen. And on obtaining any precipitate 
it is necessary, of course, to examine it, and to subject it to 
further tests. If there is no precipitate, it is clear that 
certain metals are absent from the filtrate, and we must 
apply other tests in order to isolate them. The whole 
subject is most interesting, but we are only able ±o indicate 
the barest outlines here. 

Sulphur forms with Carlj^on an evil-smelling compound 
called Carbon Disulphide. It is a volatile inflammable 
liquid, and is an excellent solvent of many substances such as 
Rubber, Sulphur, Gums of different kinds, and other bodies. 
It is much used for this purpose. 

Phosphorus, an important element which belongs to 
a group or family which includes Arsenic, Antimony and 
Bismuth, together with Nitrogen, whose properties we have 
already considered in our study of Air, is another of those 
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curious substances which exhibit allotropic modifications of 
great interest. 

Phosphorus exists in two well-defined states with proper- 
ties absolutely opposed to one another. 

Yellow Phosphorus when absohitely pure is colourless or 
nearly so, and is an exceedingly inflammable substance of a 
wax-like appearance. It is always giving out fumes wlimi 
exposed to the air, and since this is a form of combustion, 
but of course a very slow one, in a warm atmosphere 
oxidation may proceed so rapidly that the Phosphorus will 
eventually catch fire spontaneously, burning with dense 
fumes and forming the Pentoxide. In the dark the appear- 
ance of a stick of Phosphorus is very beautiful, since it is 
covered with a pale lummous glow which well justifies the 
name given to this curious element, the Light Bearer {Phos, 
light; pherd, bear, Grk.). In a very finely divided state 
Phosphorus takes fire instantly, as can be seen by dia.solving 
a little in Carbon Disulphide and allowing it to evaporate 
away on a piece of blotting paper. Oxidation occurs so 
rapidly that the whole takes fire,. Since Phosphoni.s is so 
inflammable it is necessary to keep it under water, and to 
cut it also in that medium if a little piece is required for 
purposes' of experiment. It is not soluble in water. It 
dissolves in olive oil to a slight extent if heated, and if the 
cork be removed from a bottle containing some of this 
solution the fumes become luminous and a pale luminous 
glow passes through the contents, which is sufficiently 
powerful is» form a kind of lamj^. We have draAvn attention 
in our study of Oxygen to the vivid and startling appearance 
which Phosphorus exhibits when burning in a jar of pure 
Oxygen. If the vessel be examined after the action is over 
it will be seen to be covered with a light potvdery substance, 
which very rapidly absorbs moisture from the air. This is 
Phosphorus Pentoxide, the dement being united to five 
atoms of Oxygen. It is used as a drying agent when making 
gases on a small scale. 

Now let us consider for a moment Red Phosphorus, as it 
is called, the allotropic modification of the ordinary or 
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yellow variety. What greater contrast in properties could 
we possibly imagine ! Here we have a substance which 
does not fume when exposed to the air, is not inflammable, 
is not surrounded with that pale weird glow which is so 
marked a feature of the ordinary kind. It is not soluble in 
Carbon Disulphide, and is not poisonous like the yellow 
variety. It is difficult to believe, therefore, that we are 
dealing with the same substance. We have only to heat the 
red variety to a certain temperature, however, when it is 
at once converted into the yellow form. And conversely, if 
we leave this ordinary variety at a temperature of about 
240° in some gas which cannot chemically act upon it, it 
becomes converted into the red form. And there are other 
ways of effecting the same object. Later on we shall come 
across further examples of elements which through some 
mysterious modification of structure conditioned by the 
relative position, so it is thought, of their atoms, exhibit 
striking anomalies. What is there in common, for instance, 
we might ask, between a diamond with its lustrous beauty 
and a fragment of soot which we can obtain from any 
ordinary candle ? Yet both are forms of Carbon. 

Phosphorus does not occur in the free state in Nature, but 
in tlie form of Phosphates, both in minerals such as Apatite 
and Phosphorite, which are largely composed of Phosphate 
of Lime, The crust of the earth consists in a great measure 
of Phosphate rocks, and the soil everywhere is full of 
Phosphorus in the combined form, and since it is soluble to a 
certain extent, plants obtain one of the chief essentials for 
their growth from this source. Indeed, the application of 
artificial manures which include Phosphates as one of their 
ingredients has to-day become quite universal. Phosphates 
of Ammonia, Lime, Potash, Superphosphates (a very useful 
manure), Basic Slag (which contains a large percentage of 
Lime Phosphate), and other Phosphatic compounds, are 
all largely employed both by the agriculturist and the 
gardener. 

Nor must we forget those vast deposits of guano (now, 
alas, sadly depleted), so rich in plant food, by reason of its 
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valuable constituents of Phosphoras and other substances. 
And in the bones of animals there is also Phosphorus 
existing in the combined form of Calcium Phosphate. Thus 
it is that crushed bones in a state of fine division are used 
to-day as a form of artificial fertiliser by reason of their high 
Phosphorus content. And it is from bones that this impor- 
tant element may be obtained. If bones are burnt to an 
ash and the material treated with Sulphuric Acid, de- 
composition occurs, and the resulting Phosphate after being 
mixed with powdered Charcoal is distilled ofi in retorts and 
the crude Phosphorus afterwards purified. 

Phosphorus forms with Hydrogen a curious gas, Phos- 
phuretted Hydrogen, with a strong, unpleasant odour. 'I'he 
smell of decaying fish is probably due to its prescmce. It has 
the curious property of spontaneously catching fu-e when 
it comes in contact with air, giving rise to beautiful rings of 
smoke which behave as they rise into the air as if they were 
made of some elastic substance. These vortcx-ring.s, as 
they are called, have the appearance of miniature whirl- 
pools in the air with an internal motion (Fig. 53), a.s they 
can be made to pass through one another and to collitle 
against each other (without breaking) and to exhibit other 
striking characteristics. The gas itself may be prepared by 
the action of Phosphorus on Caustic Pota.sh. 

That the spontaneous inflammability of Phosphine, as it 
is sometimes called, is due to minute tract!s of another 
substance, a compound of Hydrogen and Phosphorus, is 
seen by taking a small quantity of the gas and exposing it 
to light. Its inflammability vanishes. 

Arsenic, an element which in some respects re.Hcmb]os a 
metal by reason of its lustre/ etc., is found in Nature, 
combined for the most part with metals such as Cobalt, 
Nickel, Iron and Copper. Traces have also been found in 
ce^in mineral springs. That it should be included with 
Phosphorus in the same family is seen by its compounds 
which in union with Oxygen and Hydrogen resemble those 
of that element. 

Arsenic is obtained from ores such as Arsenical Iron 
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P3nites by the process of roasting and condensation of the 
vapours thus formed in a large cool chamber. 

When heated strongly Arsenic gives off a colourless 
vapour which has a smell resembling garlic. The Trioxide 
is generally obtained as a glass-like substance which forms 
with alkaline bases such as Potassium, Sodium, Hydroxides, 
certain salts called Arsenites, such as that of Sodium, for 
instance. The corresponding Salt of Copper is a pigment 
known as Scheele’s Green. Emerald Green also is a com- 
pound of Arsenic, and Imperial Green. Both the Oxides and 
Arsenites are very poisonous. Since this is the case, it is not 
surprising that they have been used, together with other 
compounds, frequently for criminal purposes. And in many 



Fig. 52. Detection of Arsenic Fig. 53. Smoke Rings as 
ON A Porcelain Plate Phosppiuretteo Hydrogen 


a cause ccUhrc they have figured with dramatic results. The 
tests for this element in suspected cases are many. One or 
two are indicated here. 

It will be remembered in our study of Hydrogen gas 
that we made use of Zinc and Sulphuric Acid for the 
purpose of preparing that gas for examination. Now if we 
introduce into the flask ^containing these materials any 
solution containing Arsenic, the nascent " Hydrogen at 
the moment of its liberation will combine with that element 
forming a compound called Arseniuretted Hydrogen. If 
this gas be heated it at once breaks up into Hydrogen and 
Arsenic. Accordingly the delivery tube from whence the 
gas issues is strongly heated (Fig, 52) and a perfectly clean 
porcelain plate is held in front of the tip of the flame. 
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A deposit of metallic Arsenic, like a dark mirror, is seen 
upon the plate. If necessary it can be dissolved in a suitable 
re-agent and verified. 

Again, suppose that a solution is suspected of containing 
Arsenic. It is boiled with Hydrochloric Acid togetlu;r with 
a small piece of perfectly clean, bright copper foil, when 
Arsenic will reveal itself in the form of a gray deposit. If 
this be dried and heated in a tube, a characteristic ring like 
a dark mirror will appear on the cold sides of the tvdjii 
(Fig. 54). Other delicate tests involving much time and 
labour are used for the detection of this poisonous eleniont. 


And the chemist is always on the winning side, 'liie 
minutest quantity can be detected with ease. 



Antimony is a metal which is 
generally found in Sulphur ort-. It 
is somewhat like silver in appearance, 
brittle and easily broken uj) into 
powder. If heated very strongly it 
melts and bums with a while ll.iuic, 
giving off fumes of the Triuxide. 1 Jut 
it does not appear to be affected if it 
is exposed to the air at the normal 


Fig. 54, Detection of 
Arsenic on Coffer Foil 


temperature. In a very fimtly dividei 1 
state it takes fire spontaneously in 


contact with Chlorine-gas, with the formation of the Ciiloridt;. 


Antimony, like Arsenic, is exceedingly poisonous. Hut 
in most criminal cases where it has been used, its detect ion 


and separation have been successfully accomplished. Yet, 
like so many of these poisonous bodies, some of its com- 
pounds are used in medicine. There are also important 
alloys as Tsrpe-metal associated with it. One of the curiou.s 


properties of Antimony is its power of forming not only 
acids but also bases with Oxygen and Hydrogen, whereas 
it will generally be found that metals are associated with 
Oxides of basic properties. 

Bismuth is another member of the same family. It is a 
haxd pinkish white metal which does not oxidize very 
iiedy. Some of its salts are used medicinallv. It forms 
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with metals like Zinc, Lead and Tin curious alloys, whose 
fusing point is very low. A teaspoon consisting of this 
curious mixture of different metals will quickly melt away 
in a cup of hot water ! Since the respective melting-points 
of the component metals of this interesting alloy are very 
much higher even than boiling water, the combined effect is 
very peculiar. Fusible metal consisting of the same 
ingredients but in different proportions has also a melting- 
point below the boiling-point of water. It is iised for taking 
casts from moulds of wood and similar substances. 



CHAPTER XITI 


ELECTROLYSIS, OR THE DECOMPOSITION OF LIQUIDS 
BY THE ELECTRIC CURRENT 

If we take a piece of ordinary Zinc and place it in a vc‘SS(;l 
of pure water we shall observe no action whatever. P.ut if 
we add to the water a small quantity of Sulphuric Acid we 
notice a change at once. Little bubble.s begin to come off 
from the surface of the Zinc, and the liquid is evidently I)i;ing 
decomposed. If we collect some of the gas we shall find it 
to be Hydrogen. This reminds us very much of the way in 
which we actually made Hydrogen (Chap. x). The two 
experiments are closely related to one another. The 
liberation of Hydrogen results from the decompo.sition of 
the Sulphuric Acid. 

Now in this particular instance the Zinc is dissolving 
away in the acid, but the energy due to this action is wasted. 
It is like coal with its store of potential energy burning 
away in a defective fire-box of an engine without accom- 
plishing useful work. 

In order to remedy this unsatisfactory state of affairs we 
add something else to the simple piece of Zinc in our glass 
cell, a Carbon plate with a terminal at the top to which we 
can afiix a wire (Fig. 55). To the Zinc we also attach a 
wire, and joining up these twd wires to a small electric- 
lamp as used in pocket batteries we get a distinct glow. 
An electric current is passing through the wires and the 
arrangement of Zinc and Carbon constitutes a simple 
voltaic cell. The terminals of the two plates are called the 
Poles, and the liquid is called the Electrolyte. The general 
name given to the action which goes on inside the cell is 
Elesctrolysis {eUctron, amber; luS, I loose, Grk.). It 

>38 
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signifies the splitting up or unloosening of the bonds which 
bind the atoms of the liquid together by the electric current. 

The Carbon pole is + and the Zinc pole is — , and the 
current flows from the positive to the negative pole and from 
thence through the liquid from the Zinc to the Carbon once 
more. The cell is a kind of furnace in which instead of coal 
we are consuming Zinc, and the chemical energy which is 
due to the reaction of the metal and the liquid is transformed 
into electrical energy, which by further conversion manifests 
itself in light and heat. 

The difference of potential or power of doing a certain 
amount of electric work, between the positive and negative 



poles of our battery or cell, is known as the Electro-motive 
Force, and it is this which causes the current to flow through 
the circuit. And the action will go on until all the Zinc is 
consumed. The direction of the current is from the higher 
(-}-) potential to the lower (— ). 

From what we have learnt so far, it is clear that without 
chemical action of some sor! we cannot obtain a current of 
electricity in a cell such as we have described. And the 
electro-motive force of this or of any other cell will depend 
upon the metals which we use. We shall see later that 
if we subject various metallic compounds in solution to 
Electrolysis we shall find that the metal always makes its 
appearance at the negative electrode. Metals are therefore 
styled Electro-positive, and non-metals which travel to the 
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positive electrode are styled Electro-negative. A list of 
metals can be drawn up in the order of their action of 
oxidisability in Sulphuric Acid, and we find that Potassiuui 
heads the list followed by Sodium, Zinc, Iron, Hydrogen, 
Lead, Copper, Silver, Platinum, Carbon. And this electro- 
chemical action corresponds very closely to what is known 
as the " Contact-series of metals” drawn up by Volta, an 
Italian physicist, to express the difference in air of the 
electric potential between any two metals in the list, 'i'he 
further apart the metals are on the list abovo, the greater 
win be the electro-motive force if any two are chosen for 
the compounds of a cell. Thus Zinc and Copper will give 
a less electro-motive force than Zinc and I'latinmn, and 
Zinc and Carbon will be a still better combination. 

The difference of potential in a cell or the eh'ctricnl 
pressure (E.M.F.) is measured in volts. A volt is the unit. 
Different cells have different voltages. But when a current 
passes through wires which are called conductors and 
through the electrolyte itself, it meets with a certain re- 
sistance depending on the nature of the conducting wires and 
fluid. This resistance the current has to overcome. Metals 
on the whole are good conductors, silver and copper being 
the best. Water is a bad conductor, in fact almost an 
insulator in voltaic electricity. But directly we dissolve 
in it some salt, or add to it a little acid, we at once cause it 
to become a conductor of electricity. At the same time 
we must remember that, theoretically, a perfect conductor 
does not exist. Always there is a slight resistance which 
tends to obstruct the flow of an electric current. 

The unit in terms of which the strength of the current is 
measured, is the ampere. Now' in the list we gave of the 
dectro-positive metals there is seen Hydrogen, which is 
included among them. This is an extraordinary thing, and 
its bearing on the subject of voltaic electricity is very great. 
It behaves as if it were actually a metal. We shall see, later 
on, that with the metal in Electrolysis it travels to the 
tM^tive el^trode. and it has this further bearing on the 
yoltaic cdl in the following manner. 
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After a voltaic cell or battery has been working for some 
little time, we find that its output has considerably decreased. 
Its voltage drops and its current weakens through increased 
resistance. We say that the cell is Polarized. The chief 
cause of this phenomenon is the Hydrogen i ^ ^ ^ 
in the cell. Consider a plain cell of Zinc 

and Copper. When the circuit is completed 

bubbles of Hydrogen-gas are given ofE from ^-7^ 
the Copper plate, but gradually they form 

also a film or covering on the plate which - -p> 

then plays the role of a metal, being electro- “ — 

positive, and as we see in the list of metals, Voltaic 

occupying a place between Iron and Lead. Cell, showing 
We know how much higher Hydrogen is in polarisati^n^^' 
the series than Oxygen, which is below 
Carbon. The consequence is that the PTydrogen tends to 
send a back-currenr (Fig. 5G) in opposition to the actual 
current in the cell because of the difference in potential 
between it and the Oxygen which is found at the Zinc 



57. 

The LeclanciiA Cell 


plate. And this is a sei'ious fault in all 
primary cells. Many cndcavoui's have 
been made to counteract this curious 
behaviour of Hydrogen, a metal in this 
case, rather than a gas. We will mention 
two cells which overcome the difficully 
in a practical way. 

The first which we will take is the 
Leclanche cell, so imtch used for ringing 
bells, etc. It consists of a porous pot P 
(Fig, 5^) packed with Carbon and 
Manganese Dioxide. In the centre is a 
Carbon plate with a terminal C. Outside 
is a glass vessel containing a solution of 
Sal-ammoniac with a Zinc rod standing 


in it, Z. The products of the decomposition of the cell 


are Ammonia and Hydrogen, and the latter is oxidized 
by the Manganese which gives up some of its Oxygen for 
that purpose. For intermittent work this is an excellent cell. 
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The second cell behaves in a different way. It is a Danicll 
cell (Fig. 58) and consists of an outer glass vessel, V, in which 
stands a porous pot. This contains a Zinc rod, Z, standing in 
dilute Sulphuric Acid. A Copper cylinder, C, is in the outer 
vessel and surrounds the porous pot. A saturated solution 
of Sulphate of Copper, with some extra crystals to keep up 
the strength of the cell, is in the outer vessel. The Hydrogen 
from the Zinc passes through the pores of the inner pot and, 
meeting with the Sulphate of Copper, displacc.s tiu! metal 
with the formation of Sulphuric Acid, and the Copper is set 
free and is deposited on the Copper cylinder. 

In both cells it is advisable to amalgamate the Zinc, that 
is to say, to cover it with a film of Mercury in order to provimt 
the rod from being decomposed and eaten away when the 
circuit is open. 

We have seen that inside any primary or voltaic cell 
chemical action takes place with the production of an 
electric current, and we know that by reason of it.s enoj-gy 
this current can do work in various way.s, work whicii 
manifests itself either in heat or light, in some magneiic 
effect and otherwise. We are all of us familiar with somet of 
the forms which the conversion of this electrical onergj' may 
assume. The electric lamp in our rooms is an instance. 
But we are concerned at present with chemical phenomena, 
and we must endeavour to get some insight into the action 
of an electric current when we allow it to pass througli 
liquids of different kinds, and thus do chemical work, l-'or 
this will illustrate what we mean by Electrolysis. I'ko 
current will decompose these liquids and the results are of 
great importance. Not aU liquids are able to be decomposed. 
Pure water, for instance, oils of different kinds, anti 
Mercury, which is a metallic liquid conducting electricity 
freely but refusing to be split asunder. But acids and 
mdulated water, chemical compounds of different kinds 
in solution, all these exhibit chemical change and 
decomposition. 

If a jar of water be taken, acidulated with Sulphuric Acid, 
aaajl two Copper wires immersed in it connected to a suitable 
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battery of two or three DanieU or other cells (Fig. 59), 
we shall observe the following phenomena. 

Bubbles of gas will collect on the wire which is connected 
with the Zinc plate of the battery, and after a time will be 
given off freely and may be collected and examined. They 
will be found to be bubbles of Hydrogen gas. They are 
given off at the negative electrode ; what is happening at 
the other wire ? It remains in the liquid, quiet and appar- 
ently unaffected. But this is a fictitious appearance. We 
know that water is composed of Hydrogen and Oxygen, 
and we naturally expect to see corresponding bubbles of the 



Fig. 58. Fig. 59. Fig. Go. 

The Daniell Decomposition of Decomposing Water 

Cell Water with Gas by Means of Elec- 


evolved AT ONE TRICIXY 

Pole only 

other element given off at the positive electrode. What 
has become of the Oxygen ? Take oiit the wire and examine 
it. Its colour has changed to a dark hue. The Oxygen was 
liberated, but at the moment of its freedom it combined with 
the Copper to form an Oxide, and consequently we see 
nothing of it. We cannot decompose water satisfactorily 
in this way. We must employ electrodes of some metal 
which itself is entirely unaffected, does not oxidize, and which 
gives off all the products of decomposition. Such a metal 
is Platinum. 

Two graduated tubes A, B, connected to a funnel F are 
partly filled with acidulated water. At the bottom of each 
tube is a platinum plate P, P, connected by a wire to the 
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outside. Each tube has a stop-cock, S S, at the top so that 
the products of decomposition may be examined. A suit- 
able battery is connected up to the wires (Fig. 6o). 

When the current is allowed to traverse the clectrotyte 
in the graduated tubes we notice that bubbles of gas are 
immediately given off this time, at both the electrodes. 
But a great deal more is given off from one plate than from 
the other — at the negative electrode. After a time it will 
be found that the volume of gas is double that of the other. 
Stop the action and examine the gases. The two volumes 
consist of Hydrogen. The single volume is Oxygen. One 
bums with a blue flame, the other causes a piece of smoulder- 
ing wood to glow strongly. Water is composed, as wc have 
already seen, of Hydrogen and Oxj'gon in the proportion of 
two volumes of the former to one of the latter (Chap, x), 
and if we subject it to electrolysis in the manner which wc 
have described, wc prove the truth of this statement, but 
in the opposite way. 

We have used the term '' electrode " several times. It 
is a Greek derivative {dlectron, amber; hodoa, a way) and 
signifies the plates by which the current entens and leaves 
the electrolyte. The electrode by which the current enters 
is called the Anode {ana, up ; liotlos). It is the positive 
pole. The negative pole is called the Cathode {fiahi, down ; 
hodos) and it is the electrode by which the current leaves the 
electrolyte. 

Now Faraday styled the components or elements into 
which the electrolyte is broken up or decomposed “ ion.s,” 
and he farther named the ion which appeared at the Cathode 
the Cathion, whilst that which appeared at the Anode he 
called the Anion. And the movement of the ions to their 
respective electrodes he called the " migration of the ions.” 

According to this, water, as we have just seen, when 
decomposed by the electric current, is split up into Hydrogen 
ions ^d Oxyg^ ioiK. Similarly Sulphuric Acid, according 
to this theory, is split up into Hydrogen ions and Sulphions. 
These latter at the anode combine with the water molecules, 
forming Sulphuric Add and Oxygen which comes off at the 
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anode. Copper Sulphate is split up into Copper ions and 
Sulphions. The Copper is deposited on the cathode and the 
Sulphions behave as in the case of those resulting from the 
decomposition of Sulphuric Acid. So, too, if Hydrochloric 
Acid be subjected to Electrolysis, it would be split up into 
Hydrogen ions and Chlorions, The Hydrogen, behaving as 
•a metal, would follow the current to the cathode, whilst 
Chlorine Gas would be given off at the anode. Common 
salt would suffer a like dissociation into Sodions and 
Chlorions. But in this case we should get no deposition of 
the metal since Sodium decomposes water, but we should 
get Hydrogen given off at the cathode. The amount of an 
element which is liberated is pro- 
portional to the strength of the 
current, and to the time during 
which it is flowing. This is F araday 's 
Law, and therefore it can be seen 
that we can use Electrolysis in order 
to measure the strength of a current. 

In the case of water it is known 
that a certain quantity of electricity 
(the ampere) \v:ill liberate a definite 
amount of Hydrogen and Oxygen. 

If the gases are collected together 
the total volume will amount to 
0 'i 732 cubic centimetres. If a galvanometer be connected 
up to a voltameter (Fig. 6i), consisting of a vessel filled 
with platinum electrodes and a graduated tube to collect 
the mixed gases, and a battery in series, wc can measure 
the strength of the current by the amount of chemical 
action set up by it. The time is noted at the beginning of 
the action and also at the end. This with the volume of the 
gases which are liberated and the amount per ampere in 
one second will furnish the necessary data for measuring 
the current. 

Now, in the Electrolysis of any liquid there is a certain 
minimum electro-motive force below which it is not possible 
to work. And for this reason. Suppose that we are decom^ 



Fig. 61. Measuring the 
Strength of an Elec- 
tric Current by Chemi- 
cal Action 
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posing water. The Oxygen and Hydrogen will try and unite 
with each other, and will set up a reverse electro-motive 
force in opposition to the actual electrolytic current. Thi? 
opposing current is of the order of 1-5 volts (approx.), sc 
that one Daniell cell giving about one volt is not suflicicnt, 
and we must employ at least two such cells if \vc wish to 


decompose water. 

In the voltameter (Fig. 61) if, after the action has been 
going on for some time, we cut out the battery and connect 
up the wires to the galvanometer we can demonslralo, this 
opposing current we have mentioned, for the needle Avill 
be deflected and in an opposite direction. The application 
of Electrolysis to what is known u.s electro- 
plating and the deposition of various metals 
for different purposes, isof great im]>ortance. 
From what we have seen of the action 
which goes on in a cell like that of the 
Daniell, we know that a metal can be 
deposited upon the cathode, and there- 
fore, if we attach a suitable oliject to 
that electrode, gold or silver or any other 
Fio. 62. Electro- metal can be deposited xipon it in the 



PLATING A Piece OK form of a very fine coating or film by the 
Iron with Copper . , - . , , . - . 

aid of the electric current. 


Suppose that we desire to coat a piece of Iron with Copper, 
we proceed as follows : We partially fill a vessel (Fig. 62) 
with a solution of Sulphate of Copper to which has been 
added a little Sixlphuric Acid. From a support connected 
with the anode of a battery (-j-) we hang a plate of pure 
Copper, From another support a wire to which the piece 
of Iron is attached is joined u^ to the cathode ( — ■). After 
a short time the Iron will be found to have received a coat 


of electrolytic Copper. If we want to Silver any article, 
the same procedure may be adopted, the anode being now 
a Silver plate, and the solution one of the double cyanide of 
Silver and Potassium. 


It is possible also to coat a non-metaUic substance 
with Slver, etc., if its surface be first of all rendered 
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conducting by means of a coating of blacklead or 
graphite. 

We must now consider the modern way of regarding the 
phenomena of Electrolysis, for it is of great importance. 

We have seen that water and other substances after decom- 
position appear as ions which migrate and wander towards 
each of the electrodes. According to the old idea, it was 
the electric current which split up the compound substance 
into these wandering particles. 

To-day, according to the theory of Arrhenius, the cele- 
brated Swedish chemist, the mere act of solution breaks 
down a body, such as common salt, into the ions of Sodion 
and Chlorion. All that the electric current does is to cause 
the positive ions of Sodium to be attracted to the cathode, 
whilst the negatively charged ions of Chlorine are attracted 
to the anode. 

When water is decomposed, the liquid is dissociated into 
positive ions of Hydrogen and negative Hydroxyl ions 
consisting of one atom of Hydrogen and one atom of Oxygen 
joined together. When the current passes there is a re- 
arrangement of these groups with a migration to the 
electrodes of the ions with their charges of electricity, the 
Hydrogen going to the cathode, as before, and the Oxygen 
to the anode. 

Now, in Electrolysis, we find that the atoms of an element 
like Hydrogen carry one unit charge of electricity. The 
Chlorine atom also carries one atomic charge notwithstand- 
ing that its atom is 35 J times heavier. The atom of Sodium 
is also associated with one unit charge. On the other hand 
the atom of Oxygen carries two atomic charges, whilst the 
atom of Tin carries four such charges of electricity. WEat 
is the meaning of this ? How can we account for this 
anomalous behaviour ? We have seen in a previous chapter 
(Chap, iv), when looking at the question of chemical com- 
bination, that the atoms of elements unite with one another 
with different powers. This is known as Valency {valere, 
to be worth, Lat.). And we saw that the atoms of difierent 
bodies such as Chlorine, Oxygen, Nitrogen and others 
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possess different powers of uniting with or holding in 
chemical combination the element Hydrogen, They are 
univalent, divalent and trivalent respectively. In the light 
of this we are led to believe that the unit charge which an 
atom carries in Electrolysis is very closely connected with 
the question of Valency, and that there is a parallel between 
the two. This explains, for instance, why it is that the atom 
of an element like Chlorine, whose atomic weight is 35-5, 
carries the same charge as the atom of Hydrogen. It is 
univalent. Oxygen is divalent and its atoms carry two 
atomic charges of negative electricity. And so on with the 
other elements. 

From a study of the phenomena observed in Electrolysis 
it would appear that chemical combination and decom- 
position are connected with electrical phenomena, and that 
they are in some way electrical in nature. Let us go a step 
further. We know that ions or charged particles can be 
produced in a number of ways, by Radium, by the X-rays, 
by Ultra-violet light, and by other agencies. When produced 
their charge can be measured. The value corresponds 
approximately to that of the atom of Hydrogen in Electro- 
lysis. The analogy is very extraordinary. And this is 
not all. 

It has been found by a study of what are known as 
the cathode rays that these radiations consist of charged 
particles whose mass is about of the mass of a Hydrogen 

atom. But their electric charge is the same. These in- 
finitesimal particles are known as Electrons. I'lie ions 
which we have observed in our study of Electrolysis are 
groups of atoms bound up with positive and negative 
charges of electricity, and the Electron is the ultimate or 
fundamental charge of every atom. 

The modem theory of Electrolysis leads us into channels 
of thought which involve considerations of great interest 
at the present time. We have only been able very briefly 
to give some idea of what is involved if we look at Electro- 
lysis in the light of modem research. 



CHAPTER XIV 


ACIDS— BASES— SALTS— CRYSTALS 

It will be remembered that one of the methods by which 
we produced Hydrogen gas (Chap, x) was to take Zinc and 
treat it with dilute Sulphuric Acid. The metal gradually 
dissolves and ultimately forms a white substance called 
Zinc Sulphate, Now, all acids contain Hydrogen which can 
generally be replaced by a metal. And thus they are some- 
times called “ Salts of Hydrogen.'^ This is their character- 
istic reaction. 

In the early days of chemistry when men were groping 
in the dark, seeking light to illuminate facts which are 
familiar enough to-day, it was commonly held that all acids 
contained Oxygen. The very name supported the idea. 
It was the " producer of acid.*' 

We do not hold this view in modern times. We do not 
consider that " empyreal air '* is the active principle of 
acids. How can it be ? There are acids such as Hydro- 
chloric and others which contain no Oxygen. On the other 
hand, not every compound of which Hydrogen is one of the 
constituents, is an acid. 

Acids generally mix freely with water. They turn blue 
Litmus (a vegetable dye obtained from certain lichens) in 
solution red. Hence they may be detected in minute 
quantities. 

Not all acids contain the same number of Hydrogen 
atoms which arc capable of being replaced. 

Sulphuric Acid contains two atoms of Hydrogen. Nitric 
Acid only one. But Phosphoric Acid contains three re- 
placeable atoms. 

The most familiar acids with which we have to deal are 
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Sulphuric, Hydrochloric, Nitric and Carbonic Acids. There 
are others, of course, some of which we have already noticed. 
There are also acids which occur naturally in the juice of 
fruits, such as Malic and Citric Acids. They give, no doubt, 
that refreshing flavour to fruit which is the result of their 
pleasing acidity. Now if we add to a solution of Litmus, 
which has been coloured red by an acid, a few drops of a 
solution of Caustic Soda or Potash, taking cai'e not to add 
too much, we shall find that we can once more ro.store the 
Litmus to its original colour. We have added something 
which has neutralised the properties of the acid in the 
solution. Such a substance is called an Alkali, belonging 
to the class of bodies called Bases. These are metallic 
Oxides which when they unite with acids form a series of 
substances called " salts.” Oxygen combines with nc.-arly all 
of the elements to form compounds called Oxddes. The 
oxides of the metals such as Caustic Potash arc known as 
Basic Oxides, and it is they which have the property 
of neutralising acids. The non-metallic elements, on the 
other hand, form Oxides with acid properties— Acid Oxides 
in fact. On solution in water if only a portion of the 
Hydrogen in the water is caused to change places with the 
metal, we get what is called an Hydroxide. Thus Sodium 
forms the Hydroxide NaOH, and the remaining atom of 
Hydrogen is set free. 

There are certain exceptions to the two classes of Oxides 
outlined above. Some elements like Chromium, for instance, 
form both basic and acid oxides. It is thought that the 
relative quantities of Oxygen which are present in these 
compounds may account for the difference observed. 

If we take some Caustic Soda*and very cautiously add to 
it, drop by drop, some Nitric Acid until the solution is 
perfectly neutral, i.e. when it neither changes rod Litmus to 
blue, nor vice versa, and then evaporate off the solution 
thus obtained (Fig. 63), we shall get left behind a substance. 
Nitrate of Soda, which is a perfectly neutral body called a 
salt. This is one way of producing these substances. But 
^heare are other methods by which they may be prepared. 
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We can substitute a metal for the Hydrogen in an acid. 
Thus salt with Sulphuric Acid will give us Sodium Sulphate 
(Glauber’s Salts). Iron treated with the same acid will give 
us green crystals of the salt Ferrous Sulphate. 

Now, inasmuch as an acid like Sulphuric has two replace- 
able atoms of Hydrogen, we might expect it to form two 
different kinds of salts, corresponding to the replacement of 
all or part of the Hydrogen atoms. Thus, if a metal replaces 
all the atoms we get what is known as a Normal Salt. Thus 
Sulphuric Acid with Sodium will give us Sodium Sulphate, 
where both atoms of Hydrogen have been displaced. But in 
Sodium Hydrogen Sulphate, an Acid Salt as it is called, only 



Fig. 63, Forming Crystalline Salts 
FROM A Solution by Evapoi^ation 

one atom is exchanged for one atom of the univalent metal 
Sodium. 

If we take an acid like Phosphoric, with three replace- 
able atoms, we can form three different kinds of salts and 
corresponding to the substitution of three, two and one 
atom of Hydrogen respectively. 

Water, which is such a Solvent, not only of some gases, 
as we have had occasion to observe, but also of solid sub- 
stances, dissolves most salts in varying degrees. Thus 
common salt or washing soda, two well-known salts, 
dissolve very readily in water. But a substance like 
Calcium Carbonate is only slightly soluble. Sooner or later, 
the liquid will refuse, under normal conditions, to dissolve 
any more of a given salt. It is then said to be saturated. 


152 Acids — Bases — Salts — Crystals 

Now, hot water will dissolve more of a given salt than cold. 
A saturated solution, accordingly, if hot, will tend to 
deposit in the form of crystals some of the salt, as the 
temperature falls. But there are certain salts which still 
remain in solution after they have been dissolved to satura- 
tion, even when the temperature of the w'atcr has declined 
considerably. They form so-called super-saturated solutions. 
These, if kept quiet and undisturbed, will still remain in a 
liquid form. If, however, they are agitated, or if a very 
small portion of the original salt be dropped into the solnlictn, 
the whole immediately crystallises out, and a considerable 
rise in temperature occurs. Sulphate of Soda or Glauber’s 
Salts, and Acetate of Soda exhibit the phenomenon vciy 
well. And the heat given out is dependent on the following 
principles. If we employ heat to melt a body it does not 
become lost, nor can we indicate its presence by a ther- 
mometer. It is said to be Latent Heat {lateo, be hid, Lai.). 
The number of units of heat required to melt i lb. of ice at 
0 ° to water at o® is 8o. That is to say, there is sufficient 
heat in passing from the solid to the liquid .state to raise the 
same weight of water through 8o° C. And conversely when 
a body passes from the liquid to the solid state, a ctirlain 
amount of heat is given out which in this ca.se is able to 
affect a thermometer. 

In the same way, if solids dissolve in water, a certain 
amount of heat is required in order to bring this about, and 
this heat is abstracted from the water in which we dissolve 
the substance. Thus if a very soluble salt such as Ammonium 
Nitrate be used the temperature will fall below freezing- 
point. 

When salts crystallise out frdm solutions they are often 
found to contain a certain amount of water which is bound 
up in chemical combination with the crystals. We cannot 
exactly see this water, but it is present, neverthele.ss, in the 
crystals, and if we heat them it may be expelled. In such 
a case we speak of the crystals as containing " water of 
crystallisation." Not all oystals contain the same amount. 
iTSfetss-Hyposttlphite of Soda, the well-known fixing salt used 
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in photography, contains five molecules and Sodium 
Sulphate ten, and so on. And the form in which salts 
crystallise often depends in some way upon the amount of 
water which they contain. The colour, too, will vary in the 
same way. Thus Cobalt Chloride, or indeed any of the salts 
of this metal, are pink in colour as long as they contain 
water of crystallisation — ^hydrated as it is called. But when 
they are heated they lose their water and become anhydrous 
(from two Greek words meaning without water) salts of a 
blue colour. All kinds of '' sympathetic inks '' are based on 
this principle. 

Many salts when exposed to air absorb the moisture 
present and gradually become reduced to a moist or even 
liquid condition. Such bodies are called Deliquescent 
{deliquesco, to melt, Lat.). Different salts exhibit this 
property in varying degrees. Common salt, as every house- 
wife knows, must be protected from the air or else it will 
become watery. Hyposulphite of Soda must be kept in well- 
stoppered bottles. But some salts are far more deliquescent. 

Calcium Chloride, which is formed by treating lime with 
Hydrochloric Acid, eagerly absorbs moisture, and on this 
account it is used as a drying agent in chemical operations. 
We used it (Chap, x) in an experiment to determine the 
proportions in which Oxygen and Hydrogen unite by weight 
to form water. 

We have seen that if we heat crystals which contain water 
of crystallisation they will give up this water. But there are 
some salts which do this quite naturally — by simple exposure 
to the air, in fact. Thus hydrated Carbonate of Soda, or 
.washing soda, if exposed is liable to lose some of its water 
and to become white in ap|>earance ; so, too. Sulphate of 
Soda. They are, in fact, what is called Efflorescent bodies 
{effloresco, spring up, Lat.). 

When bodies pass from the liquid to the solid state and 
assume the infinite variety of shape and form which we 
associate with the crystalline state of Matter, they introduce 
us into magic worlds where we get glimpses of beauty 
previously unexpected. 
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In the winter time when the weather is cold and frosty, 
or when snow is falling, we have most of us noticed the 
beautiful frost crystals on our windows, and have perhaps 
caught a snowflake lightly on our coat and examined the 
exquisite beauty and symmetry of the little crystals which 
make up the flake. We never seem to get to the end of these 
natural crystalline forms, which assume countless numbers 
of definite geometrical shapes. But they are so fleeting ! 
They vanish so quickly ! It is better to prepare them arti- 
ficially if we propose making any serious study of crystalline 
shape and form. There are many natural bodies found in the 




Fto. 64. Crystals of Epsom Fig. 65. Crystals of Ammonium 
Salts Chldkiue 

earth's crust, such as Salt, Quartz, Natural Sulphur, the 
Diamond, Mica, Fluor-spar, etc., which may bo investigated. 

In order to obtain crystals in a simple way, it is sufficient 
to coat a strip of clean glass with a hot and saturated solution 
of the particular salt it is proposed to use. As the solution 
cools down the crystals will gfadually appear, and may be 
examined by means of a small pocket lens, or by a micro- 
scope. They often present very beautiful forms. Common 
Salt assumes the appearance of little cubes. If Epsom Salts 
be taken the crystals will appear as four-sided prisms 
(F^. 64) with flat ends. Sal-ammoniac exhibits some 
beautifal crosses and fem-like formations which are best 
seen under the microscooe (Fig. 65). Potassium Bronoide 
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illustrates the cross formation very well. Potassium Ferri- 
C3’'anide separates out in broad prismatic crystals (Fig. 66) 
which are deep red in colour. 

One of the most striking forms of crystallisation is that 
exhibited by Nitrate of Silver (a compound of Nitric Acid 
and Silver) in conjunction with Copper. A drop of the 
Nitrate in solution is placed under the mici'oscope on a slip 
of glass together -with one or two fine Copper filings. A 
wonderful tree-like form of crystallisation takes place, which 
rapidly grows as y^ou look at it under magnification. The 
growth resembles what has been called a ‘‘ Silver Tree.” 



It is a purely chemical action which we witness. The Copper 
changes place with the Silver, with the formation of the 
Nitrate, and the original metal is deposited in the beautiful 
metallic state which we see. 

Crystals vary much. Their structure is conformable 
to laws which embrace tlfcm within systems (7) of so- 
called ” Cry.stal Architecture,” but we meet with them in 
every form and shape. It would .seem that every substance 
capable of crystallisation is capable of producing different 
results. 

Sometimes crystals resemble one another very closely 
so that they appear, indeed, to be identical. Yet their 
chemical composition is not the same. This is the case 
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with the Phosphates of Potassium and Ammonium. We 
have seen that Sulphur assumes two different forms of 
crystallisation and is therefore known as Di-morphic (from 
the two Greek words : dis, twice ; morphc, form) . And this 
also is the case with Antimony Trioxide, which can be 
obtained in the form of long crystalline needles of the 
rhombic form, and also in the cubic variety of the octohedron 
system (Fig. 67). 

Some crystals exhibit different colours according to the 
direction in which the light passes through them. Aceiale 
of Copper exhibits this phenomenon. The growth of crj’stals 
is the result of forces at work which give them the appearance 
of living objects. We know that they “ grow,” for crystals 
will assume quite big proportions if care be taken of thian 
in their early state. And as a study of biology tells us that 
the plant or animal is made up of an infinite number (jf tiny 
cellular units consisting of that wonderful substance called 
protoplasm (the basis of life) and a nucleus, so it is known 
that crystal growth first starts from a nucleus, and proceeds 
by quiet orderly arrangement of the molecules to the final 
state. Thus they behave very much like living matter. 
Suppose that in course of formation a ciy\stal gets broken. 
After a time, on careful observation, it will be found that it 
has repaired its damaged structure and proceeds on again 
as before. 

Crystals are bounded by planes or surfaces which arc 
known as " faces.” And according to the arrangement of 
these planes as determined by law it is possible to foretell 
how any particular crystal will behave in its relation to 
light, electricity and the like. 

With regard to light the behaviour is interesting. We know 
that the vibrations of the little particles in a wave are 
perpendicular to the direction in which the wave is advanc- 
ing, just like a cork bobbing up and down on the surface of a 
pond. The wave goes on, but the cork remains. If the 
vibrations are limited to a single direction, instead of taking 
place in different planes at right angles or otherwise 
about the line of propagation, the light is said to have 
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poles or sides with different properties, to be polarised 
in fact. 

Some crystals like Iceland Spar cause light to be polarised 
by splitting it up into two parts or sets of vibrations 
(Fig. 68). An object viewed through such a body appears 
to be doubled. 

Many crystals under polarised light exhibit most 
gorgeous hues of colour — indeed, every variety of effect. 
Under the microscope not only can their growth be witnessed 
as it is displayed in endless forms, but we are introduced 
also into realms of colour sensation hitherto undreamt of 



o, ordinary ray. e, extraordinary ray. 

Tho black spots show the doubling effect. 

under normal conditions. We may say that crystals are 
always attractive, always fascinating, but when colour is 
added — here, indeed, is a new world of great loveliness ! 

There are, also, crystals which are luminous and shine in 
the dark, especially after exposure to the sun’s rays, the 
radiations of Radium and other agencies. The Diamond is 
one of these phosphorescent bodies. It has been known to 
emit the light which has been stored up as it were within 
its crystal structure after exposure to the electric spark, 
the rays of the sun and Radium. In this latter case it 
fluoresces brightly with pale green light which is very 
striking. Crystals of Fluor-spar, especially the variety called 
Chlorophane, are luminous when heated. Nitrate of 
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Uranium emits a pale ghost-like glow spontaneously in the 
dark. If a number of little crystals of this salt be shaken 
together in the dark, each will emit a little flash of light, the 
result of friction. 

Sometimes emission of light occurs at the moment when 
crystallisation takes place. This is seen in Die case uf 
Arsenious Acid, which emits a bright luminescence when a 
solution in Hydrochloric Acid is allowed to cool. I^illlc 
crystals are deposited with bright scintillations as they fl)rm 
in the liquid. 

Of late years an extensive use has been made of cjy stals 
in Wireless Telegraphy. There are some ciyst.allinc btxlics 
which have the curious property of rectifjdng o.sciHatory 
currents and then passing them on as it were in one definite 
direction to the telephone receiver. The cause of their 
action is not very clear ; it lies probably in their muleculur 
structure. 

The Fleming detector or valve much rosombles them. 
In its original form it consisted of a Carbon lilaiuent lamp 
with a metal electrode sealed into the bulb on one side. 
If the negative pole of a battery be connected to the red-ln^t 
filament which has the property of emitting electrons, a 
unidirectional current will pass from the filament to the 
metal electrode of negative electricity, but not vice vensa. 

Some years ago certain substances were discovered which, 
curious to say, were capable of melting at two different 
temperatures — ^they had, in fact, a double melting-point. 
When subjected to heat they first passed into liquids turbid 
in appearance and resembling emulsions. But when further 
heated they became quite clear. 

These turbid liquids were foiSnd to possess certain optical 
properties such as double refraction and interference 
phenomena (Chap, xix), entitling them to be classed 
amongst solids of a crystalline structure. -And so the term 
“ liquid crystals " was applied to them. It was found by 
Leh m a nn that there are quite a number of these crystals 
which possess a liquid structure, and they possess some 
«jst»anrdinary characteristics by reason of it. Thus, they 
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collide with one another, and are capable of being squeezed 
or bent. When the pressure is removed they return to their 
normal shape. They are capable of uniting to form new 
individual crystals. As we have seen in ordinary crystals, 
these liquid structures have each a nucleus or " germ 
which appears to be the starting-point of their growth. 
They raise the question as to whether crystals do not exhibit 
in some of their characteristics those actions which are 
generally associated with living organisms. They certainly 
exhibit some striking analogies when we compare them with 
such lowly forms of life as the amoeba, for instance (a micro- 
scopic animalcule perpetually changing its shape). 



CHAPTER XV 

SOME METALS AND THEIR PROPERTIES 

The metals play so important a part in our daily life, are 
so closely connected with every department of liuman 
endeavour and activity that it is necessary for us to consider 
some of the more important ones in detail and to examine 
their properties. The elements can be divided up into tlic 
two classes of metals and non-metals, and there is a great 
deal to be said in favour of this arrangement. 1 1 is triKi tluit 
there are elements like Arsenic which, though it is classed 
amongst the non-metallic b^odies, yet in some respects 
resembles a metal. But on the whole the distinction holds 
good. So, too, is the distinction already noticed between 
the non-metallic elements and the acid oxides which they 
form with Oxygen, and the metals with their basic oxides 
(Chap. xiv). 

There is no doubt that the metals arc very sharply 
differentiated by reason of their general characteristics, 
both physical and chemical. For the most part they are 
solid lustrous bodies, very opaque and capable of being 
worked in various ways. They are good conductors of 
electricity and heat, and with acids they form salts by 
replacing the Hydrogen, whilst in electrolysis they arc 
always to be found at the cathode, being electro-positive 
in character. These two distinctions are of great import- 
ance when any classification of the metals and non-metals 
is attempted. But the process of splitting up the elements 
into groups does not end by separation of the metallic 
from the non-metallic bodies. The metals are themselves 
capable of being grouped into classes in terms of the proper- 
ties and general characteristics of the members which they 
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possess in common. And we shall look at the metals generally 
in this light. 

The metals are irregularly distributed throughout the 
crust of the earth, and from the average composition of the 
Primary rocks we find that Iron in the form of Oxides, 
Magnesium, Calcium, Sodium and Potassium are the chief 
metals found in any quantity. The source of most of the 
metals is found in the deposits of ore which occur in so- 
called veins and lodes in rocks and rock-masses. These 
mineral deposits are largely composed of Oxides and Sulphides 
(Iron, Copper, Lead, etc.), whilst Carbonates are perhaps 
less common. The extraction of the various metals from 
these ores has led to the building up of a vast industry 
to-day, and we shall refer to some of the processes employed 
in the course of our survey. It is included in the science of 
what is known as Metallurgy. 

The metals differ very much from one another in their 
general properties. Sodium, for instance, is a light, soft 
metal and will decompose water. Lithium is still lighter. 
Lead is a very heavy metal, generally of a dull colour. 
Although slightly soluble in water it does not decompose it. 
Gold is very nearly as heavy but it is more attractive in 
colour. Copper has a warm, pleasant look about it which 
establishes its identity. Aluminium is light and of agreeable 
hue. Mercury is liquid and stands by itself. Radium, by 
reason of its properties, has profoundly influenced modern 
scientific thought and research. Few are the eyes which 
have looked upon the metal itself. All form various com- 
pounds with the elements, such as Chlorides, Oxides, Nitrates, 
Bromides, Sulphides and others. 

Of late years the curious property which some metals 
appear to possess of emitting a perceptible odour or smell 
has been the object of investigation. And it has been found 
that many metals such as Iron, Lead, Zinc and others emit 
a distinct and appreciable smell, which becomes more 
intense under the action of heat and friction. At a tem- 
perature of 100® it is quite noticeable. The curious 
thing about this phenomenon is that although on cooling 

L 
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down again the metal becomes almost inodorous, yet, after 
the lapse of some hours, the application of heat restores once 
more the emissive power. 

The fact that a body like Iron requires some hours of 
rest before it again becomes odorous recalls another curious 
phenomenon — ^the " fatigue ” of metals. We seem, many of 
us, to think, for instance, that a razor is all the better if it 
has a rest and is not used every day. And when wc coii-sidcr 
that a metal bar, if subjected to a series of stresses through 
bending or otherwise, becomes, without rest, less able io 
withstand the ordinary breaking stress, there scenjs no 
reason to doubt but that some deterioration does take 
place in the metal itself. Parts of an engine or of some 
machinery suddenly break dovra after having been subjected 
to stresses for a considerable length of time. And there 
would appear to be no safe limit, no “ limiting stress,” as 
it is called. From a series of experiments in which the metals 
under stress were subjected to examination under the 
microscope, it would appear that the phenomenon of 
” fatigue ” is due to minute molecular disintegrations which, 
when they are started, proceed onwards to complete tiring 
out, as it were, of the metal through minute tears in the 
structure, and so to ultimate failure. But a prolonged rest 
tends to put off the evil day — ^for a time at least. There 
does not seem to be any definite guarantee for the future. 

Calcium is an element widely distributed in the form 
of limestone, chalk, marble. The actual metal itself is a 
white silvery substance which decomposes water like Soditim 
and Potassium. With Oxygen, Calcium forms Lime, wluch 
is obtained by heating the Carbonate in kilns. 

Now, if we expose this substance to the air, or if wc treat 
it with water just as we see labeurers do in building opera- 
tions, we get what is known as slaked lime. If we watch the 
proceedings, we shall see that a great deal of heat is given 
out as the result of the chemical energy, due to the com- 
bination of the lime with water. If we dissolve some of 
this lime in water, for it is slightly soluble, we get so-called 
hnae-water. 
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If this water be exposed to the air it will quietly absorb 
Cai'bon Dioxide with the foi^mation of the Carbonate, and 
the liquid will become cloudy. Hence we have a good test 
for the presence of Carbon Dioxide in the human breath, 
and incidentally prove one of the main facts of respiration. 
If wc take a bottle partly filled with clear lime-water 
(Fig. 69) and furnished with two tubes, one. A, reaching to 
the bottom of the vessel, the other, B, considerably shorter, 
we can give the experimental proof in this way. If we 
inhale at B, bubbles of tlic outside air will pass up through 
the liquid which will, however, remain 
unchanged. But if we force air from 
the lungs through A, the liquid at once 
becomes cloudy through the deposit of 
Carbonate. 

Calcium Cai-bonate occurs naturally 
in enormous quantities in limestone 
I'cgions. Here it often forms in caves 
those picturesque and interesting 
columns called Stalactites and Stalag- 
mites. Water percolates through the 
roof of one of those fairy grottoes 
which, as at Cheddar, in Somerset, are 
famous for the beauty of their deposits, 
and dripping down leaves some of the Breath by Limb- 

thc Carbonate behind. ThLs ipraclually 
grows into long stalactite " icicles” which hang down and 
meet the stalagmites rising up from the deposit on the floor 
of the cave. These caves are a veritable fairy-lsind when 
lighted up by electricity. The various formations scintillate 
with every hue and colour. Little lakelets reflect the columns 
and pillars, and tiny points of light give back the rays from 
the roof-mosaic, where countless diamonds, as it were, 
glitter and sparkle in the electric rays. 

Sometimes from these limestone rocks water will issue, 
and, depositing on objects its charge of Carbonate, petrifies 
them with a crust of hard calcareous matter. 

Lithium belongs to the group of Alkali metals of which 
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Potassium and Sodium, two well-known members, have been 
already noticed. It is an exceedingly light metal, white in 
colour, and its salts are used in medicine. Many of its 
compounds have the property of imparling a magnificent 
red colour to flames, and if we examine them with a spectro- 
scope we shall find the spectrum crossed by a characteristic 
bright red line which reveals the presence of the metal even 
in the minutest quantities (Fig. 70). This property of 
imparting colour to flames is shared by the other members of 
this group, as well as by Calcium and the other metals 
belonging to the group of the Alkaline Earths. It is not a 
common characteristic. The oxides of these metals are 
strongly alkaline. 

Strontium and Barium, like Lithium, impart beautiful 

A Be O t F C H 


Red. Ora.nge. Yellow. Green. Blue. Violfcf 
Fig. 70. Spectrum of Lithium 

colours to flames, the former a striking crimson, the latter 
a characteristic green. The compounds of these metals, 
and also Calcium with Sulphur, possess the intcrc.sting 
property of becoming phosphorescent after exposure to 
light. 

Zinc is a metal extensively used for galvanizing Iron, or 
covering it with a thin layer of the metal. Aluminium is 
very light, does not tarnish or rust, and can be easily worked. 
Add to this its attractive appearance and lustre, and we can 
understand how popular it has become for all kinds of cook- 
ing and domestic articles. It forms with Magnesium an 
important alloy called Magnalium, which is largely used in 
aeroplane building by reasons of its lightness and great 
strength. 

Copper forms some important alloys such as Bronze, 
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which consists of Copper and Zinc with 3 per cent of Tin. 
Brass contains about two-thirds of Copper and one-third 
of Zinc. Gun-metal contains about ii per cent of Tin, rising 
to 20 per cent and more in Bell-metal. 

Lead is not a very attractive metal to look at, but it is 
an extremely useful one. One oxide is called Litharge, and 
another. Red Oxide or Red Lead. Then there is Sugar of 
Lead, or the acetate, and White Lead, the carbonate. 

A great many people think that the use of Lead for water 
pipes is a source of danger in domestic supplies. As long 
as the water is not exposed to air or allowed to remain for 
any length of time in the pipes, it is not harmful. Soft 
water under extreme circumstances 
dissolves infinitesimal amounts of 
the metal. All water should be 
allowed to flow a minute or so 
before use. 

Tin forms alloys called “ Solders " 
in varying proportions with lead. 

It is also much used as a protective 
covering for iron in the tin-ware 
trade. Rolled into very thin sheets 
it forms Tin-foil. 

Pure Gold is a very soft metal. A Blast 

It can be beaten into leaf so thin ornacb 

that it is capable of transmitting light of a green colour. 
An alloy with Copper forms the standard Gold coin of 
this country. It is also used for jewelry of all descriptions. 
The value of the gold present is expressed in terms of so- 
called “ carats.” Thus i8-c|irat Gold is a compound of 
18 parts Gold with 6 parts of Copper. The alloy is harder 
and more durable than the pure metal. 

Nickel is used in electro-plating and in alloys like German 
Silver, which consists of the metal associated with Copper 
and Zinc. Various foreign coins are made of this alloy. 

In the extraction of Iron from its ores, which is accom- 
plished by their reduction in a furnace (Fig. 71), under the 
influence of a blast of hot air blown through a pipe P, three 
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distinct products are ultimatelyforrac J — Cast-iron, Wrouglit- 
iron and Steel. 

The ore is mixed with coke and limestone or some other 
flux, and the molten mass is eventually drawn off at the 
bottom. This forms cast-iron. Wh-ouglil-iron is obtained 
by the process of “puddling." The impurities — Carbon, 
Sulphur, Phosphorus, etc. — are removed hj' melting cast- 
iron in a furnace with iron ore. Good wronght-iron cont ains 
very little Carbon and has a high melting-point. 

Steel is manufactured largely by the iSt ssemer process. 
The finest contains less Carbon than tluiL found in cast- 
iron. Its melting-point is higher, and it has an increased 
malleability. All the Silicon and Carbon in molten cast- 
iron is oxidized by a blast of air passed through it, and then 
a quantity of pure cast-iron is added in suiric.i<mt amount to 
convert the whole to steel by giving it a certain percentage of 
Carbon. Of later years the electric furnace has become a 
serious rival to the combustion purpose 

of reducing iron and the melting and refining of slcsel, but 
also for the production of such products as (.‘avborniulnm 
Graphite, Silicon, Bisulphide of Carbon, Zinc, and those 
aIlo3irs like Ferro-manganese, Ferro-tungsten, etc., which are 
used in the manufacture of special forms of st(*cl. In the 
production of cost- or pig-iron it has also been found that it 
can be made as cheaply as in the ordinary blast furnacps. 
In fact the product, containing as it docs a very small 
percentage of Carbon, is a form of steel which can bo refined 
and converted into pure steel quickly and at a less cost than 
by the ordinary methods of working. During the late war 
an increased use was made of the electric furnace for the 
mdting of steel, and with excellent results. But this is not 
all. It has been found that Iron can be refined by elect rolysis 
just like Gold, Copper and other metals, producing a metal 
of extreme purity and of great uniformity. For the pro- 
duction of high-class steel it seems well adapted. 

The dectrolytic process is extensively used for the refining 
of all lands of crude metals. Copper, for instance* thus 
prepared, is of great purity. Gold, SUver, Tin, Zinc, etc., can 
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all be refined in this way. In many cases there are various 
by-products which help to reduce the cost of production, as 
in the case of Copper. In the production of Aluminium 
the electric current has revolutionized the whole industry. 
Silver is, like Copper, an excellent conductor of heat and 
electricity. It easily tarnishes with the formation of the 
black sulphide. In coins it is usually alloyed with a little 
Copper to harden it. The nitrate is known as Lunar 
Caustic. It may be used as ''marking ink.'' The Salts of 
Silver are much used in photography, in electro-plating and 
in other ways. 



CHAPTER XVI 


THE ROMANCE OF RADIUM AND RADIOACTIVITY 

The advance of Science during the present century has been 
extraordinarily great. Much of the knowledge which has 
been gained and many of the discoveries read more like 
a romance than sober facts. The story of Radium and the 
momentous conclusions drawn from it, if wo consider 
nothing else, will undoubtedly render the last few j’ears for 
ever memorable. They mark an epoch. Witli them there 
came into being an entirely new department of science and 
of scientific thought and expression. Into that crowded 
perspective of the past it is possible to look now witli some 
measure of calm judgment, and to take stock of some of the 
great results revealed. 

When Sir W. Crookes took the electric spark, which is a 
very beautiful thing in itself, and passed it through gasc's in 
highly exhausted tubes he obtained results which have led 
on to other startling discoveries. Those have revolutionised 
modem scientific thought, causing new views to bo held 
concerning the constitution of matter. Some of the results 
obtained were very curious and also very beautiful. 

Crookes called the radiations emitted by the tubes the 
Cathode Rays, since they appeared to proceed from the 
negative electrodes. They caused the walls of the tubes to 
fluoresce and shine with a canary yellow or yellow-green 
light. Bodies exposed- to the effects of this radiant shower 
shone out with various colours in the most bewitching 
way. A diamond glowed with a beautiful green colour, 
mbies displayed a rich crimson light, a common sea-shell 
surpassed all in the delicacy of its blue and pink hues. 
Mechanical effects were also produced. Little wheels on 

i68 
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rails spun round. The glass became hot under the bombard- 
ment of the rays. Even platinum was fused (Fig, 72) by 
converging the rays on to it by a mirror. 

A magnet, M, caused the radiations to be 
deflected across the lines of the magnetic 
field (Fig. 73). 

Crookes called the phenomena a dis- 
charge of Radiant Matter,” and held 
the view that they consisted of a stream 
of negatively charged particles shot out 
from the cathode witlx terrific velocity 
(up to 60,000 miles per sec.). Sir J. 

J. Thomson later determined the speed, 
the mass and the charge. This latter is 
identical with that of which the Hydrogen 
atom consists when an electric current 
passes through water in electrolysis (Chap, 
xiii). But the little particles themselves fig. -72. Focussing 
are nearly two thousand times smaller of cathode Rays 
than any atoms of Hydrogen. Here we latinum 

have something altogether contrary to our preconceived 
notions. The atom as generally understood is no 
longer the smallest entity. It is positively huge in 



Fig, 73. Deviation of the Cathode Rays 
IN A Magnetic Field 


comparison with that tiny negatively charged particle, 
the electron. Thomson has graphically expressed 
the corresponding relation, for he tells us that " the 
volume of a corpuscle (or electron) bears to that of 
the atom about the same relation as that of a speck 
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of dust to the volume of this room" (in which he was 
spealdng). 

The question was asked whether there were any other 
radiations, and also more particularly whether there were 
any bodies which spontaneously emitted rays capable of 
producing fluorescent effects. Professor Henry declared 
that he had found such a substance — the luminous Sulphide 


of Zinc. After exposure to the sun it emitted rays capable 
of traversing sheets of black paper and affecting a photo- 
graphic plate. Then Becquerel found that the metal 
Uranium spontaneously gave out mj’'Sterious rays which 
traversed opaque objects and rendered the air a conductor of 


e 



Fig. 74. Examining a 
Body for Radio- 
activity BY THE Elec- 
trical Method 


electricity. And this, too, after having 
been kept in the dark for a consider- 
able time. Then Crookes made the 
startling announcement that the 
Uranium itself was not responsible 
for these remarkable phenomena, but 
that they proceeded from some other 
substance — some hidden impurity, 
potent and subtle — ^within the metal 
itself. What was it ? Did any other 
element possess this strange property ? 


Who would answer the question ? 

At this point Mme. Curie took up the question. She 


exhaustivdy examined a large number of substances, and 
tested their power of emitting rays by their action on the air, 
i.e. rendering it a conductor of electricity, splitting it up 
very much in the same way as water is split up in electrolysis, 
into negative and positive ions. We say that the air is 
Ionized and the phenomenon is'calied Ionization. We can 
illustrate it in the following way : — 

Two metal plates (Fig. 74), A and B, are placed one above 
the other with wires connecting them up to a battery C, 
and to an electrometer, E, to measure the strength of the 
current. At first there is no current passing since air is a 
non-conductor. But if a radioactive substance be placed 
on B, it will render the air a conductor, for it will be split 
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up into positive and negative ions capable of carrying 
electric charges. And the electrometer will be affected 
accordingly. A weak radioactive body, of course, will not 
influence it so much as one which can ionize the air more 
strongly. 

Examined by this method not only Uranium but also its 
salts and minerals containing Uranium proved to be radio- 
active. And their activity was proportional to their 
uranium content. Pitch-blende (an ore of Uranium of a 
gi'ajdsh or dark colour) proved to be about four times as 
active as Uranium, of which it only contains some 50 per 
cent. This was a striking discovery, for it pointed to the 
natural conclusion that hidden away inside there was some 
powerful subtle substance which was the chief cause of the 
effects observed. Mme. Curie commenced an exliaustive 
analytical examination of this substance. Pitch-blende, by 
chemical means. After much troirblc and woi'k she separated 
out a very active body associated with the bi.smuth of the 
Pitch-blende which she called Polonium, after her native 
country Poland. It proved to be very active. Later, after 
more arduous work, she succeeded together with her husband 
and M. Bemont in isolating a still more radioactive substance 
associated with the Barium portion, and she called it Radium. 

It was the solitary remnant of many tons of Uranium 
ore, just a little white powder, the Chloride, insignifleant 
in appearance, but its properties — ^these were to startle the 
world ! From one ton of the Pitch-blonde only a little 
speck of the Chloride was obtained ! About 3*4 parts in 
10,(100,000 of the Uranium present, accordmg to Ruther- 
ford. 

The atomic weight (Ch*ap. v) of Radium is 226*4. It 
belongs to the group of the alkaline earths comprised in 
Calcium, Strontium and Barium, and in the Periodic System 
of the dements it is included with them. Let us look at 
some of its properties. 

The insignificant white powder by day seems quite 
ordinary, but at night time it seems to be transformed I 
It glows with a mysterious pale light, a phosphorescent 



172 Romance of Radium 

body ever luminous. A thousand years hence we know that 
it will be emitting the same quiet glow. Then, too, it 
continually gives out heat sufficient to molt its own weight 
of ice in one hour. Hence the salts of Radium, as Hme. 
Curie shows, are always at a temperature higher than their 
surroundings ! This is a very extraordinary fact. Never 
before had the eyes of men beheld a substance which con- 
tinually emitted both light and heat. A red-hot poker when 
removed from the fire cools down in time, its glowdng light 
becomes less and less ; soon it fades away altogether. 1 n the 
fire-place it rests a dull, lifeless piece of iron. But Radium 
— it is always giving out heat, is ahvays shining ! How 
does it perform this apparent miracle ? There appears to 
be no visible supply of energy from wdthout. It is like a 
machine from which (if it were possible) we get more w'ork 
than we put into it. 

We know to-day the answ'er to this perplexing question. 
It is within the atom of Radium that w'e must seek for the 
source of that energy which is ever being poured forth. 
The atom is always breaking up and disintegrating, shoot- 
ing off particles with fearful velocity, and displaying 
manifestations of colossal atomic energy in the form of 
light and heat. And with this breakdown of the atomic 
structure there arise, as we shall see, fresh products of 
transformation — ^new bodies which are themselves liable to 
change and to break up like Radium itself. 

And if this be true of Radium and the other radioactive 
bodies, what stores of energy there are still untapped, 
locked up, imprisoned within the atoms of all material 
things 1 We must believe that there are " forces utterly 
disproportionate to the present sources of power,” and that 
Radium is displaying enormous transformations of energy, 
which we might imagine to be the lot of any other kind of 
matter when the time comes for the discovery of utilising 
these hidden powers. 

The ionization effects of Radium are very striking. It 
must be remembered that a very pure specimen of the 
Bromide or Chloride has an activity incomparably greater 
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than Uranium, which is generally taken as a standard. 
Yet salts much less active show the results very well. If 
we electrify a silk tassel (Fig. 75) and thus cause the threads 
to stand out apart, a tube of Radium brought near will 
cause them to collapse. 'I'hc electricity has escaped. The 
air has been rendered a conductor. 

Radium emits rays which pass through opaque bodies 
and affect photographic plates like X-rays. They arc called 
the alpha, beta and gamma radiations, from the first three 
letters of the Greek alphabet. The first of these arc positively 
charged jiarticles, tiny projectiles shooting out from the 
atom with a velocity more than 10,000 miles per second, 
swifter by many thousand times than any 
flying bullet, and with an energy incon- 
ceivably greater. We need not wonder, 
then, that they can rend the air asunder, 
splitting the gases up into ions or little 
carriers of negative and positive electricity. 

And the number of these little projectiles 
— thousands of millions every second ! 

We have already mentioned in a previous ewIctsoSuoium 
chapter (Chap. VIIl) that I fclium is always on Electrified 
associated with radioactive materials, and Tassel 

the very fact that its spcctnxm was obtained from the 
gas given out when Radium Bromide was dissolved 
in water led to the belief that the alpha particles are really 
Helium atoms. This has been definitely established. The 
elegant experiment by which Crookes demonstrated the 
visible effects of these little atoms on a phosphorescent 
screen in his instrument, the Spinthariscope, tells us also 
that the little specks of twinkling light we see are the effects 
of individual atoms of Helium bombarding the luminous 
target, each with a definite impact of its own. 

In a brass tube, T (Fig. 76), provided with a lens, L, a little 
needle, N, coated with Radium is fiaced in front of a phos- 
phorescent screen, Z. In a darkened room a peep into this 
little instrument reveals a wondrous sight. The starry 
heavens on the brightest and clearest frosty night do not 
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shine and twinkle more beautifully than the lovely scin- 
tillations — ^radiant specks of light — seen on the screen 
within ! They flash and twinkle away in the most fascinat- 
ing manner. Year in, year out, this gorgeous display goes 
on ; and that with particles no bigger than 

y atoms of Hydrogen. Yet, when we come 

to look at the beta rays, we find that they 
ai-e nearly two thousand times smaller still, 
H'-AW" electrons shot out with the terrific 

velocity of more than 100,000 inilo-s per 
Fis. 76. second. The alpha particles, weight for 

SknihIriscope weight, have many million times greater 
energy than a bullet from a rifle, but being 
comparatively large they arc easily stopped by the 
thinnest material. But the electrons of Radium, by reason 
of their enormous velocity, have far greater energy, weight 


for weight, and plunge through a piece of wood or paper 


with ease. Expose a diamond so tliat it may 
be bombarded by this hurricane of particles, 
and it will shine with a beautiful light. 
And there are other bodies, too, which 
behave in a similar way. 

Strutt has devised a remai’kable instiaunmt 
to demonstrate the charge of these lieta ray.s. 
A glass tube, T (Fig. 77), containing a little 
Radium, R, is suspended inside a glass vessel, 
V, devoid of air. Two gold leaves, G G, hang 
from the lower end. Two tin-foil strips, h' F, 
are placed so as to connect the uisidc of the 
vessel to earth by means of a platinum wire 
fxised in the glass. A conducting film of 
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phosphoric acid is placed on the outside of 
the tube. 


Stkutt'm 
Kadium Ct-UCK 


The beta rays charge up the gold leaves, which are re- 
pelled gradually until they touch the earth— connected 
strips of foil, when they at once collapse. But soon they 
begin to repel each other again, as the charge accumulates, 
and are then once more discharged. The action will con- 
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tinue as long as the Radium lasts. As its life is measured 
by thousands of years, this action is a very near approach 
to that oft-followed will-o’-the-wisp, Perpetual Motion. 
By timing the periodic movements of the leaves, a kind of 
Radium clock can be devised which apparently goes on for 
ever. 

The gamma rays are similar to the Rontgen radiations. 
They are capable of passing through nearly three inches of 
solid lead, and are therefoi'e of the most penetrating 
character. 

Now, suppose we bring near a Radium salt some object 
such as a piece of card. After a time it will be found to 
exhibit strong radioactive properties. This is an extra- 
ordinary thing. It is known as 
" excited activity.” How is it 
brought about ? 

Curie has shown that if some 
Radium be placed in an open 
vessel, V, untlcr a glass jar (Fig. 

78) with some pieces of card- 
board, D B C, they will become 
radioactive. A thick plate of 
Lead, L, affords no screen. If 
the vessel containing the Radium be closed, there is no 
” induced ” or excited activity. 

We know to-day that the cause of this curious phenomenon 
is a substance of a gaseous nature as proved by the wonderful 
experiments of Ramsay and Soddy. It is, in fact, a gas — 
Niton — one of the rare constituents of the air. Rutherford 
has called it the Emanation. It is very active and renders, 
therefore, all bodies near it radioactive also. It can be 
liquefied and even solidified to a solid mass. It is very inert 
from a chemical point of view, and shares this property 
with those other rare gases like Argon which we have already 
noticed. 

The emanation has but a transitory existence ; its life 
is of short duration. In about four days its activity is 
reduced to one-half the initial amount ; in a month it has 



Fig. 78. Induced 
Radioactivity 
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quite disappeared. But as fast as it disappears, a fresh 
amount springs from the Radium. We may say that in a 
given time, or indeed at any time, the balance between 
decay and production is always equal. 

When it vanishes the emanation changes into a new 
substance. Helium. It is a transmutation of one clement 
into another. The proof was furnished by Ramsay and 
Soddy who saw the spectrum of Helium stand out sharp 
and clear. Other investigators repeated the experiments. 
Ramsay and Gray weighed and measured the density of 
the emanation, working with a quantity of the gas less 
than TO of a cubic millimetre. This surprising feat was 
made possible by the use which they made of their micro- 
balance, which was capable of weighing a substance of the 
order of one-thousand-biillionth of an oiince ! 

According to the Disintegration Theory of Rutherford 
and Soddy, the atom of Radium is always breaking up with 
the expulsion from an atomic system of negative electrons 
(which, like the planets of the Solar System, are ever 
oscillating around a central nucleus of positive electricity) 
of alpha particles carr3dng a positive charge. The Helium 
formed is the result of the loss of this charge. The energy 
stored up in the Radium atom is very great, the result of 
the disintegration ever taking place within it. If it were 
released suddenly it would produce a catastrophe of the 
greatest magnitude. There is a large amount of chemical 
energy in coal, although the method of converting it into 
heat is exceedingly wasteful. But the energy evolved in 
Radium is some million times greater, weight for weight. 

The different products into which Radium and other bodies 
are transforming are many, and* they are being continually 
produced. What we may consider for a moment is this : 
What is the beginning and end of them all ? What is the 
oiigin of Radium and whence shall we seek it ? The answer 
to these questions lies in the following considerations. 

When we look at the wonderful bodies, products of the 
disintegration, we find that some have a duration of a few 
years,, others three or four days, whilst the life of some is 
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A So-called “ PERPETtiAL Motion ” Machine Worked by Radium. 

Radiutii cniitaiiifd within a tuln* allcru.ilrlv charsniR and d^scha^f^ln|Jf a pold leaf 
thnai^h an «'arth-cf)nnff't<‘d win* causes this mf»v«*in«»nt to so on apparently for ev(‘r. 
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measured by minutes and even seconds. Compared with 
these short-lived substances we may say that Radium has 
a comparatively long life. Even in two thousand years its 
activity is only halved ; and its sources seem still inexhaust- 
ible. It is still being continually produced. There must thci'e- 
fore be some other substance whose atom also breaks up and 
decays with the eventual production of Radium. Inasmuch 
as it is bodies of high atomic weight which are unstable, 
we must ask ourselves this further question. Arc there 
any substances whose atomic weight is greater than that of 
Radium ? And we answer that there are two. Uranium and 
Thorium, whose weights are respectively 238 -a and 232*4. 
Leaving Thorium out, for it does not concern us at the 
moment, let us consider Uranium in the light of our quest. 

The activity of Uranirim is not very high. Compared 
with a pure sample of Radium Bromide it appears in- 
significant. Still it is an active substance, and we must 
believe that it also suffers atomic disruption, giving out 
two alpha particles, and changing into a substance called 
Uranium X. It is always found in those mineral which 
yield Radium, yet the results of experiments imdertaken 
were not very convincing. At least they proved that 
Radium was not the direct product. There appeared to be 
some other active body which eventually was isolated as 
Ionium, between; its atomic weight is 230*5. Since the 
atomic weight of the Helium (alpha) particle is four, and 
Uranium gives out two in changing to Uranium X, the new 
substance occupies the intermediate place very well, the 
order standing thus : — 

Uranium (i), 238*5 ; Uranjum (2), 234*5 J Uranium X, 
230*5 ; Ionium, 230*5, and Radium, 226. 

It thus appears that Uranium is the true source of Radium, 
although it is difficult to prove it directly. It must be remem- 
bered that the average life of Uranium is calculated to be 
about 7500,000,000 years, and hence its rate of decay must 
be infinitely small. But with its feeble power it is just 
the very one needed to explain the presence of Radium in 
minerals. Whole geological epochs are needed for the 

1C 
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transmutation. We have them in the case of Uranium. 
And what about the final product of all those series of 
transformation substances ? They read more like a romantic 
tale than the sober facts of science. What is the end of 
them all ? 

The answer to this momentous question is that we may 
reasonably expect the end-product to be some inactive 
substance which as fax as we can tell is entirely stable. And 
since from Uranium downwards eight alpha particles arc 
emitted, the last transformation product should have an 
atomic weight of 238-5-32 or 206-5. This corresponds very 
closely to that of Lead, which is 207-2. 

If this be the case, what an irony when we come to con- 
sider it 1 We know that the dream of the old-thnc alchemists 
was the transmutation of the base metals into perfect 
silver and perfect gold. To this end they toiled long and 
patiently. But their eyes never beheld the wonders of the 
radioactive bodies, nor did they imagine that hidden forces 
were working in secret to one great end. With our more 
perfect knowledge to-day, we know that Nature in her 
inexorable way sweeps all the wonders of Radium aside, 
and leaves us — ^Lead I It is her way of answering the wild 
dreams and aspirations of the old chemists. 

Thorium is another substance which is radioactive. Since 
it is laxgdiy used in the manufacture of incandescent gas 
mantles, which contain about 99 per cent of the oxide, 
these lighting materials possess weird properties of affecting 
photographic plates and rendering the air a conductor of 
electricity. Some interesting experiments therefore can 
be carried out by unsuspected sources of radiation. Thorium 
emits a gaseous-like emanation like Radium and induce.^ 
a temporary activity on surrounding objects. A product 
called Meso-thorium, with properties somewhat like tliose 
of Radium, is being produced on a commercial basis. It is 
hoped that it wiU act as a substitute for Radium, since its 
cost is very mudi less. 

^e question may not urmaturaHy arise whether radio- 
activity is confined only to a few special substances or is a 
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general property of all matter. It is a difEcult question to 
answer. If there are other active elements which are 
breaking up and disintegrating, we must believe that the 
process is so slow, and the corresponding activity so weak, 
that as far as we can tell they appear to be inactive. 

It is easy in the case of Radium to detect those wonderful 
phenomena of which we have been speaking, for its atoms 
are ever breaking up with explosive violence, but in the 
more stable elements — can we say the same of them ? 

Signs are not wanting that one or two elements like 
Potassium and Rubidium are radioactive, but in an in- 
finitesimal degree. It is possible, too, that some of the others 
possess a slight activity, but the detection of it — that is the 
difficulty ! 

In conclusion, it is interesting to know that metallic 
Radium has been isolated by Mme. Curie in the form of a 
light coloured body which has a great affinity for water, 
like Potassium and Sodium. 



CHAPTER XVII 


HOW THE ELEMENTS ARE CLASSIFIED 

The reader of the foregoing pages who has now (pcrliaps 
for the first time) made his acquaintance with the clicmical 
Elements may not unreasonably ask whether any arrange- 
ment and classification of them is possible. The same 
question was asked long ago, and for some time it was not 
found possible to answer it satisfactorily. 

It must be remembered that there are more than eighty 
elements whose characteristics and properties are often 
widely different from one another. On the other hand, wo 
often come across elements with properties closely related. 
The dif&culty is to bring all those various bodies into some 
form of relationship to one another. 

There are several ways in which wc might make an 
attempt to solve this problem. We might divide xip the 
elements into Metals and Non-metals, as is frequently done. 
The difference between them is very great. The former are 
for the most part heavy, opaque bodies, shining with 
metallic lustre and capable of being worked in various 
ways — drawn out or rolled, made into wire or sheet. 
They are solid at ordinary temperatures (with the 
exception of Mercury) and are good conductors of heat 
and electricity. 

On the other hand, the Non-metals like Oxygen, Hydro- 
gen, etc. are gaseous bodies, mostly transparent, and solid 
only under pressure and intense cold. They are bad con- 
ductors of heat and electricity. Solids like Sulphur, 
Phosphorus, Carbon, etc., are not capable of being worked 
like metals ; they are not ductile and malleable. 

This method of solving the problem is not wholly satis* 
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factory, since it involves the consideration of properties 
which are physical rather than chemical. 

There is, however, one chief distinction between the two 
groups which we must look at in the light of chemical know- 
ledge. It lies in the compounds which the members of each 
group form with Oxygen. 

The Non-metals like Hydrogen, Nitrogen, Sulphur, 
Chlorine, Bromine, for instance, when they combine with 
Oxygen, form Oxides with acid properties strongly marked. 
Thus, Sulphur unites with Oxygen to form Sulphur Dioxide, 
and under certain conditions this combines with more 
Oxygen, forming the Trioxide. Both, when dissolved in 
water, form Sulphurous and Sulphuric Acids respectively. 
Carbon and Oxygen give Carbon Dioxide gas. The gas 
dissolves in water to a slight extent, forming a liquid with 
acid properties. 

Now the Metals form Oxides with basic properties ; that 
is to say, they neutralise acids. 

Potassium and water give Potassium Hydroxide a base, 
and Hydrogen. Sodium and water give Sodium Hydroxide 
and Hydrogen. Both Hydroxides form strongly alkaline 
solutions with water. Other metals like Calcium, Mag- 
nesium, etc., behave in the same way. And although there 
are one or two exceptions — a few Acid Oxides derived from 
metals — ^the distinction on the whole holds good. 

It is possible to group some of the elements together by 
reason of their chemical relationship to one another ; and it 
can be seen that if such grouping could be extended and 
amplified we should be well on the road towards a systematic 
classification of the elemer^s as a whole. There are four 
elements which are so closely related that it will be 
instructive to examine them in the light of what we have 
been saying. 

These elements are Fluorine, Chlorine, Bromine and 
Iodine {vide Chap. xi). They are called the Halogens {hals, 
salt ; gennad, produce, Grk.) because they aU form com- 
pounds with the element Sodimn, of which Salt is a Chloride. 
Thus, besides Sodium Chloride, we have Sodium Fluoride, 
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Sodium Bromide and Sodium Iodide. These compounds 
resemble one another very closely in their chemical 
properties. 

Fluorine is the most energetic of them all, and cxliibits 
the greatest chemical activity. Chlorine comes next, then 
Bromine, and Iodine. Thus we can arrange them in the 
order of their activities. Indeed, it is possible to compare 
the activities of all the elements in terms of one another. 
Now, in their power of combining with Oxygen wc can 
also arrange them in gradational order. Fluorine does not 
combine with Oxygen at all. Chlorine forms very un- 
stable compounds which break up easily into Chlorine and 
Oxygen. The Oxides of Bromine are more stable. Iodine 
forms very stable Oxides. The compounds which these 
elements form with Hydrogen are all univalent — only one 
atom of the gas is held bound. 

A graduated series of these elements can also be formed 
in relation to their ph3rsical properties. Fluorine, for 
instance, boils at --187'’, Chlorine at —35®, Bromine at 59®, 
Iodine at 184®. A similar series may be drawn up with 
reference to their melting-points. Even their colours show 
graduated tints from light (Fluorine, pale yellow) to very 
dark (Iodine). We may therefore say that members of this 
family exhibit very marked chemical and physical relation- 
ship to one another, and lead us to suppose that these 
elements are not independent forms of matter, but that 
they axe botmd to one another by some inherent property 
of atomic character. 

There- are other families into which the elements fall 
according to their chemical properties. All the members 
exhibit resemblances to one another. The Sulphur family 
consisting of Sulphur, Selenium and Tellurium, and the 
Potassium family consisting of Lithium, Sodium, Potassium, 
Rubidium and Caesium are examples. It is evident, there- 
fore, that we can allot certadn groups of elements to certain 
divisions in our system of classification, though we cannot 
draw in this way any hard-and-fast line between the 
di^ons. The s3retem, so far, is not wide enough to embrace 
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all the groups and families which might be included. It is 
not sufficiently comprehensive for our pui-pose. 

We must have a scheme at once wider and more scientific 
if we are to classify the elements in any co-ordinate and 
systematic way. We must gather up, as it were, all their 
resemblances and all their differences and then evolve some 
order and system on as satisfactory lines as possible. 

In 1864 John Newlands described in the " Chemical 
News ” what he called his “ Law of Octaves.” It was an 
attempt to solve the difficult problems which we have been 
considering by arranging the elements in terms of their 
atomic weights. 

That there is a relation between the atomic weights of the 
elements and their properties is seen by looking at the 
members of the Halogen group which we have mentioned. 
Thus : — 

Chlorine 35 ‘45, Bromine 79*96, Iodine 126-85, show atomic 
weights of which that of Bromine is nearly the mean of 
those of the other two members of the group. The actual 
value is 81-15. 

Also : — 

Lithium 7-03, Sodium 23-05, Potassium 39*15, where the 
same relation holds good. The atomic weight of Sodium 
is nearly the mean of those of lathium and Potassium. The 
value is 23*09. 

Relations similar to these are met with in the elements 
everywhere. And Newlands pointed out that if a list were 
made of the elements arranged in order of their atomic 
weights, " every eighth member, like the octave of a musical 
note, would be in some respects a reproduction of the fore- 
runner.” In a musical sc^le which represents a series of 
tones lying within a definite interval — ^the octave — ^if we 
start from any note like Middle C — the key-note — ^the 
interval of the octave is represented by seven definite tones 
giving a series of eight altogether, the last being the first 
(or key-note) of the octave above. 

Now, in Newlands’ time. Potassium, which happened to be 
the eighth of the series of known elements numerically above 
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Sodium, repeats more or less the general characteristics of 
this metal, both in its physical (colour, ductility, malle- 
ability, etc.) and chemical properties. So, too, its com- 
pounds. And so it was that the generalisation introduced 
by Newlands was styled the Law of Octaves. It met with 
little favour. Much ridicule and a cold douche of destructive 
criticism were the reward of Newlands’ efforts. Then, as 
often happens, there appeared to be something in it, and 
some time afterwards the same fundamental idea was 
reproduced independently by Meyer and Mendclocff. And 
inasmuch as similar elements appear to recur in .successive 
periods, Newlands’ arrangement of octaves was styled the 
“ Periodic System of Arrangement.” A reference to the 
table of elements representing this periodic classification will 
help the reader to understand more fully the system. 

It will be observed that the elements arc arranged in 
horizontal columns in order of their weights, increasing by 
a series of gradations. The elements in the same vertical 
column possess similar chemical properties. Sodium 
resembles Potassium, and Oxygen is like Sulphur. After the 
eighth element there is a repetition of the characteristics of 
the first series. Each vertical column, therefore, represents 
a family group of corresponding elements. The Halogen 
family stand out clearly in Group VII. And if wc include all 
the elements in such a scheme as this, we shall have gone 
very far on our road towards a scientific classifying and 
arranging of them, not only in order of their atomic weights, 
but also in periodic or recurrent intervals of relationship. 

Let us look at the scheme in detail. 

In the first group (zero) we have the very rare gases 
which are found only in minute quantities in the atmo- 
sphere. They are Neon, Argon, Krypton and Xenon. 
Helium does not occur in the air, but is found in the sun’s 
atmosphere, and is one of the ^integration products of 
Badium. These gases are non- valent — ^have no combining 
powers — ^they are extremely inactive substances. 

In column I are seen the metals of the alkaline-earth 
family. These are univalent (power of uniting with one 
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other atom). They are Lithium, Sodium, Potassium, 
Rubidium and Caesium, another well-known family, as we 
have before pointed out. Their Oxides form basic alkaline 
solutions and they all give rise to similar types of compounds. 
Copper, Silver and Gold are also included in this column as 
a sub-group, not only because they resemble one another, 
but because they are actually related to the metals of the 
alkaline-earths by certain compounds which they form. 

In Group II are seen again members of the alkaline-earth 
family, this time di- valent {duo, two). They are Calcium, 
Strontium, Barium and Radium, with several others. In 
the same vertical column are Zinc, Cadmium and Mercury, 
a little family in a sub-group. 

In Group III are tri-valent {tria, three) metals, of which 
Aluminium is very characteristic. 

Group IV consists of quadrivalent elements {quatUior, 
four) such as Carbon, Silicon, Tin, and others less familiar. 

Group V contains Nitrogen, Phosphorus, and others. Also 
a sub-group of Arsenic, Antimony and Bismuth. These are 
mostly tri-valent. 

In Group VI we have such elements as Oxygen, Sulphur 
(both with marked resemblances to one another), and others. 
They are di-valent, also another sub-group. 

In Group VII we recognise the Halogens, univalent. A 
well-known family. 

In Group VIII we have some triplets, all closely 
related to each other. 

It will be noticed that no mention is made of the element 
Hydrogen. It is not included in the scheme, since other 
elements have no corresponding properties to it. It is, thus, 
difficult to see where we c2n include it. It has the least 
weight (i‘Oi) of all the elements, and is sometimes included 
in Group I, In Group III we have the beginning of a series 
of curious elements called the " Rare-Earths,” with 
properties similar to one another. 

It is difficult to assign to them any position in the table. 
They are put down in the order of their atomic weights, 
beginning at Column III. They are obtained from Monazite 
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Sand, and some of them, such as Cerium and Thorium 
(Oxides), are used in the manufacture of gas mantles. 

Radium, it is interesting to note, with its atomic weight 
of 226-4, is included in Group II under Barium and Mercury. 
Thorium is in Group IV, and Uranium, with atomic weight 
of 239, is inserted under Polonium (atomic weight unknown) 
in Group VI with Chromium, Molybdenum and Tungsten. 
Niton, the emanation of Radium, is in the zero column. 
It has been shown by Rutherford and Soddy to be quite 
inert and without power of combination. It is therefore 
included in the non-valent family of the Argon group. 

Speaking generally with reference to the scheme as a 
whole, we may say that the characteristics and properties 
of the various elements are expressed in terms of their 
atomic weights as they periodically occur — are, in fact, 
periodic functions of these weights. 

If we form a mental picture of the properties of Sodium, 
for instance, in Group I, we see that as the atomic weight 
increases, these properties disappear. Aluminium is further 
removed from it, and Sulphur still more so, in characteristics. 
But the special properties of Sodium again reappear in 
Potassium, gradually to vanish once more until they are 
seen again in Rubidium and Caesium. And so on. Cm 
the whole the scheme indicates a system of ordered relation 
and regularity for the elements in general. And if this be 
the case, it is not surprising that by the help of such a 
scheme it was possible for MendeReff to predict the presence 
in it of unknown elements. He was able to foretell their 
properties, still unknown, and assigned to them a definite 
place in the Periodic System. 

Thus he predicted what he styled Eka-Boron, Eka- 
Aluminium and Eka-Silicon, since named Scandium, 
Gallium and Germanium by their discoverers. To-day 
there are gaps waiting to be filled which, as our knowledge 
increases, will no longer remain empty. Some element, 
perhaps, unknown on our earth, may fill them. 

Some governing Principle appears to underlie the System, 
some Natural Law to govern it. And there are those who 
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believe that the relationships which exist between the 
elements suggest the connection of them all with some 
primary entity from which they have sprung. There are 
discrepancies in the classification, and the breaking up of the 
various families into sub-groups is objectionable, but on the 
whole the Periodic System has evolved order out of a chaotic 
mass of individual elements with many resemblances — and 
many differences— between them. 



THE PERIODIC SYSTEM 
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CHAPTER XVIII 


THE WONDERS OF THE SPECTROSCOPE 

The light which strikes our eyes, whether from sun or 
distant stars, from a candle on our table or from the electric 
lamps in streets, consists of myriads of little waves travers- 
ing the Ether of Space " with incredible speed. Not all 
the rays of light have the same wave-length, for some have 
a greater distance between one crest and another, or 
between one trough and another. And so we say that they 
are longer than others, although all are infinitely small. 
Thus, red rays from glowing sunset skies have a greater 
wave-length than the blue rays from the vault of heaven. 
And we explain all the wondrous phenomena of light and 
radiant heat and electric waves in terms of these oscillations 
in that wonderful medium, the ether, be they X-rays of less 
than 3-millionlhs of an inch in length, or light rays from 
26 to 1 6-millionths, or electric waves which are very much 
longer, and which may be measured, some of them, in 
thousands of feet. But their velocity is ever the same, 
about 186,000 miles per second. And light, as it affects the 
retina of our eyes, comprises but a small part of all radiation. 
The human eye is restricted to a comparatively few wave- 
lengths. Our vision is limited. But what do we not owe to 
those waves of the visible spectrum which give us not only 
the light of day but aU those wondrous colours which we see 
around us, the reds and greens and blues and violets and 
all the combinations of every hue and shade ! And the 
colours of bodies are due to their selective action upon 
all the various rays which fall upon them, and which we 
know are combined in a ray of light. Thus the multi- 
coloured flowers in our gardens are absorbing some of the 
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little waves which fall upon them, while at the same time 
they reflect just those undulations which, according to their 
rate of oscillation or frequency, give us the sensation of 
blue, or red, or yellow, as the case may be. If a rose reflects 
all the different waves which strike it with little absorption, 
it wiU appear white to our eyes. If it absorbed every little 
wave and reflected none, it would appear absolutely black. 

Let us now take a triangular piece of glass B A C (Fig. 79) 
representing a section of a prism at right angles to its axis 
and imagine, as Newton did in his historical experiments, 
that a ray of red light falls upon the prism at I. It will bo 
refracted along I R, and emerging will again be refracted in 


o 



the direction R S. Falling as it docs obliquely upon the face 
of the prism, the ray of red light is refracted or bent out of 
its coarse and caused to adopt a new direction. 

In the light of this let us imagine that a ray of blue light 
falls upon the prism also at I. It is reflected just like the 
red ray but with this di&erenc!^, that its deviation from its 
original source is greater than in the case of the red ray. 
It will be refracted along I M, and on emergence will be 
further bent in the direction M N. This is what is called the 
refraction of light. We have in this simple way turned and 
bent it out of its course. And we see, moreover, that blue 
light suflers greater refraction than red. 

Again, let us imagine a ray of light passing through a 
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slit S (Fig. 80) and falling upon a prism. The light will be 
bent out of its course as before, and if received on a screen, N, 
will reveal itself in the form of a beautiful coloured band. 
All the colours of the rainbow will be there, ranging from 
red through orange, yellow, green, blue, indigo and violet. 
As before, the most refrangible rays are the blue and violet, 
while the least refrangible will be the red rays. This 
beautiful experiment introduces us to what is called the 
Spectrum, and the spreading out of the rays each in their 
order of refrangibility is known as Dispersion. The spectrum 
really consists of different images of the slit lying next to 
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each other side by side according as the glass disperses the 
various colours. 

Newton now tried an interesting experiment. He had 
produced his spectrum, roughly it is true, and he wished to 
see what would be the effect of interposing a second prism 
in the path of the refracted ray. The first spectrum was in 
the form of an oblong, V R (Fig. 8i), and he argued that a 
second prism placed at right angles to the first would 
disperse the ray of light in a horizontal direction just as the 
first prism did in a vertical. But the actual result was that 
the spectrum retained its breadth but was transferred to 
another position R'^. And here again the violet portion 
of the spectrum was more refracted than the red. But there 
was no further breaking up of any of the colours. They 
remained as before. 
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If white light can be split up by a prism into the beautiful 
series of colours known as the spectrum, it is not unnatural 
to suppose that a combination of all these colours will give 
us white light again. If we place a second prism (Fig. 82) 
near the first and parallel to it, but in a reverse position, the 
light will be no longer coloured. By mixing the original 
colours we have produced white light again. 

When Newton produced his original spectrum ])y passing 
a ray of light through a round hole and receiving it on ;i 
prism, he produced an image which was very bright and 
brilliant, but it had one fault — the colours seemed <o juelt 
and run into one another. It was difficult to say where any 



Fig. 85. The Production of a 
Pure Spectrum 


particular one ended and where the next began. It was an 
impure spectrum. 

In order to remedy this defect Newton adopted the 
following measures. He placed a convex len.s, L {Fig. Hj), 
some distance from the hole O so that it formed an image 
of it at I. He then placed a prism P between the lens and 
the screen and refracting the rays produced a purer .spectrum 
R V, in which all the colours of different wave-lengths were 
more distinctly separated. But in order to obtain the best 
results it is better to substitute a narrow slit for the 
round hole. 

Let us now substitute for the screen a telescope and wc 
at once get a much better working arrangement than before, 
in fact we have made for ourselves a simple form of that 
'Jronderful instrument the Spectroscope. If we make use 
of a prism made of jSint-glatss we shall, on looking through 
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the telescope, observe a broader spectrum than if we used a 
crown-glass prism, which has only half the dispersive 
power. 

In the annexed illustration (Fig. 84) we give the general 
outlines of a simple spectroscope which embodies the 
following features : 

A prism, P, is fixed on a stand supporting a tube, B, which 
is furnished with an adjustable slit, S, at one end and a lens, 
L, at the other, which renders the raj's parallel before they 
pass into the prism. The telescope, T, consisting of an 
object-glass and sliding eye-piece with two lenses, receives 
the rays after they have passed through the prism. Here 
we observe the spectrum of any desired object. There is 



sometimes another tube, not shown, which contains a scale 
wliich is reflected from the prism, and serves as a standard 
of measurement on viewing a spectrum. The slit, which 
is actuated by a micrometer screw, may be furnished with 
a reflecting prism by means of wliich two spectra can be 
shown in the field of view at the same time. This is useful 
for comparison purposes, as for instance in comparing the 
lines of a known substance with those of a body under exam- 
ination. In order to get greater dispersive power we may 
make use of a chain of prisms distributed in a circle (Fig. 85). 

A very convenient instrument which is easy to use and 
simple in construction is the “ direct- vision spectroscope ” 
(Fig. 86). It can be made small enough to be carried in the 
pocket, and consists of a tube. A, with a lens, L, and a com- 
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pound prism, P, with a brass disc and eye-hole in front. This 
slides in and out of a larger tube, T, with an adjustable slit at 
one end S. 

This convenient little instrument is very useful for many 
of the simpler experiments in spectroscopy. It show.s the 
Fraunhofer lines, the spectra of metals, gases and other 
interesting objects. It may be provided with a micrometer 



scale which is reflected by means of a magnifying prism into 
the field of view, so that it appears pamllel with the 
spectrum. The value of the instrument is thereby much 
increased. 

If we look at a candle flame through such an instru- 
ment we shall observe a continuous band of different 
coloured rays stretching from red right away to violet, and 
a very beautiful sight it is. There we see white light 
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Fig. 86. Pocket Specteoscopb 


separated out into its constituent colours with a beauty of 
splendour and hue which must be seen to be appreciated. 

Now, certain chemical bodies, as we have before remarked, 
send out coloured rays of light when strongly heated in the 
colourless flame of a Bunsen-burner, or of a spirit-lamp. 
A little Salt will colour the flame yeUow, Chloride of Lithium 
will render it red. Potassium Salts will tinge it with a violet 
hue, and so on. This is all very beautiful and very fascin- 
ating, and it leads us on to ask ourselves what is the nature 
of the light which is emitted by these coloured flames. The 
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answer is that the prism in our spectroscope will sinalyse 
the light for us and reveal its secret. Each of the sub- 
stances which we have used will give us certain bright lines 
— spectrum lines — ^which are characteristic of the par- 
ticular body which has imparted its colour to the flame ; 
and if we place in the flame a mixture of the various salts 
we shall see different lines corresponding to each of the 
various substances which we have employed. 

Here we have the foundation of Spectrum Analysis, which 
not only reveals the composition of substances here on earth, 
but also tells us the chemical constitution of the sun, the 
stars and other heavenly bodies. We learn such profound 
facts as that at inconceivable distances away there are bodies 
which reveal the presence of elements which are known to us 
on earth, while there are others into whose constitution 
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there enter substances which are quite unknown to us here, 
and the delicacy of this form of analysis is very great. The 
characteristic yellow D line of Sodium (Fig. 87) which is 
resolved into two lines by a high-power spectroscope, can 
be detected in bodies which contain the element in infini- 
tesimal quantities. 

We have noticed, so far, two different kinds of spectra. 
The continuous spectrum of a candle flame due to the light 
given out by incandescent particles of carbon, and the bright 
D line of Sodium which is characteristic of a gas in an 
incandescent or glowing state — ^in this case the vapour of 
that element. It can be easily seen by placing a fragment of 
Salt on a platinum wire and introducing it into a spirit 
flame. A pocket spectroscope reveals the line well. There 
is, besides these two kinds of spectra, a third, which is of 
great significance. It is known as the Absorption Spectrum. 

Suppose that we take a glass which is coloured blue and 
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examine it with a slit and prism, or with a spectroscope. 
We shall find that the spectrum presents a strange appear- 
ance. The red, orange and yellow have disappeared, and 
the green, blue and violet only are left. The blue glass has 
absorbed the rest of the coloured rays (Fig. SS). If we take 
a red glass we shall find that only the red and or.ange rays 
will be transmitted. The green, blue and violet colours will 
be absent. If we examine both the glasses together we shall 
get no effect at all. Each glass will absorb just the very 
colours which the other transmits, and the result will be that 
no light will pass through them. 

These Absorption Spectra tell us that coloured glasses 
have the property of holding back or absorbing some of the 
rays of light while allowing others to pass. And w’c see 
similar effects in the case of coloured liquids. Thus a 
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solution of Potassium Bichromate stops all the blue, green 
and violet and allows only the red and yellow light to p:is.s. 
A solution of Potassium Permanganate gives a very inter- 
esting result. A number of dark absorption liands is seen 
in the green portion of the spectrum. And there are 
numerous other substances, both solid, liquid and gaseous, 
which give us these characteristic spectra. Thus Iodine, if 
heated to produce a vapour, gives a spectrum containing a 
number of dark absorption linis. 

We have seen that many metallic salts, such as those of 
Sodium, Lithium, Strontium and others, give characteristic 
flame colourations and bright line spectra when heated 
sufficiently so that their glowing vapours may be examined. 
And the presence of the metals in those salts is at once 
detected by the spectroscope. 

The Bunsen flame, however, by the aid of which most of 



The Wonders of the Spectroscope 197 

these spectra are obtained, is not of sufficiently high tempera- 
ture to yield a spectrum of the majority of the metallic 
elements. It is necessary to employ either the electric spark 
or the electric arc in order to volatilise them, and so render 
their vapours luminous. For many purposes the spark 
method of working is very convenient. An induction coil, 
I (Fig. 89) , is connected up by wires to two terminals, T T, the 
points of which may consist of the particular metal under 
examination. These are brought close to each other, and the 
slit of the spectroscope is illuminated by the spark. A Leyden 
jar, L, should be connected with the coil in order to increase 



Fig. 89. Method of Obtaining the 
Spectra of Metals 


the temperature of the spark. The outside coating of the jar 
is connected to one terminal of the coil and the inside to the 
other. B is a battery which works the coil. A short thick 
and brilliant spark gives excellent spectra, especially with 
such metals as Zinc, Iron and Copper. 

In the electric arc metfiod two-pointed Carbons are 
connected by wires to a powerful battery or a d3mamo, 
brought into contact for a mhment and then separated with 
the formation of a brilliant discharge between the two 
electrodes. This is of sufficient heat to volatilise any 
ordinary metallic salt placed on the point of the Carbons, 
and to give a spectrum consisting of the vapour of the metal 
under examination. 
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The spectra of gases are generally obtained by passing an 
electric discharge through a special tube (Pliicker tube) 
(Fig. 90), which maybe fitted with two stop-cocks for the 
introduction of any desired gas at a very low prcs.snre. The 
gas is intensely heated up in the capillary portion of the tube 
by the discharge from an induction coil. The spectra 
obtained by this means are very beautiful. Thus Hydrogen 
gives a characteristic series of red, green, blue and violet 
lines, and the whole tube glows with a bright rod light. In 
addition to these bright line spectra Pliicker has shown that 
some gases, such as Nitrogen, exhibit two different kinds of 
spectra under varying conditions. We have the ordinary 
spectrum of lines as in the case of Hydrogen, and also one 
consisting of fluted bands, which are veiy attractive. We 
shall come across this special form again later on. 



We have already seen that the visible spectrum occupies 
only a very small portion of all possible radiations. At the 
violet end of the ordinary spectrum of light there lies a region 
which stretches far beyond — ^the Ultra-violet. Our eyes are 
not attuned to those short wave-lengths, which are finally 
lost in those dim etheric recesses where we believe the 
Rontgen rays have their origlln. How are we to explore 
these hidden regions ? One way is by making use of certain 
bodies which exhibit what is known as Fluorescence ; Light 
of very short wave-length, invisible to our eyes, when it 
falls upon a substance such as Sulphate of Quinine, or upon 
Petroleum or Chlorophyll, etc., suffers a change. Its normal 
rate of vibration is lowered, and the atoms of the fluorescent 
body begin to oscillate, and thereby give rise to waves of 
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lower refrangibility which are able to excite the human 
retina. A screen, therefore, of some fluorescent material, 
if a spectrum be cast upon it, will reveal by its pale light the 
presence of rays quite beyond our ordinary vision. There 
are many sources of Ultra-violet light such as sun-light, the 
electric spark, the brush discharge of an electric machine, 
Geissler tubes and others. Since ordinary glass absorbs these 
radiations it is necessary to equip a spectroscope with lenses 
and prisms of quartz, which allow these short waves to 
pass. At the same time the dispersion is greatly increased. 
It is thus possible to see the Fraunhofer lines (dark lines on 
the spectrum) on a fluorescent background, and otherwise 
to examine that interesting region of invisible light. Then, 
too, photography can be called to the aid of the investigator ; 
by its means Schumann discovered those rays of infinitesimal 
wave-length which bear his name. 

On the other side of the visible spectrum beyond the red 
there is another region of wave-lengths, this time too long 
for human vision. It is the Infra-red portion of radiation 
which descends down and down with ever-increasing wave- 
length to regions where electric waves have their birth and 
beyond* And between the shortest Hertzian waves and the 
longest waves of the rays whose energy by absorption is 
transformed into heat, there is still an unexplored gap of 
what is comprised under the head of Radiant Heat. As 
with Ultra-violet light, there are several ways of exploring 
this hidden region of the Infra-red. 

Melloni in his researches made use of the Thermopile 
invented by Nobili. This depends on the principle dis- 
covered by Secbeck, that if two dissimilar metals like 
Bismuth and Antimony be soldered together and their ends 
connected up by wires to a sensitive galvanometer, an 
electric current flows round the cii*cuit if the junction of the 
metals be warmed. Such a current is called a Thermo- 
electric current. In the Thermopile a large number of pairs 
of Antimony and Bismuth are united together with their 
ends exposed as at A (Fig, gi) and provided with a conical 
reflector. This makes a very sensitive instrument when 
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joined up to a galvanometer for detecting radiation of 
different kinds. 

A still more sensitive instrument is the Boloraetci 
invented by Langley. This will mcasui'e rays which ai-e far 
beyond the limits of the visible spectrum on both sides. 
This depends upon the principle that if one or two delicate 
strips of platinum, faced with lampblack to increase th<.;ir 
power of absorption, be exposed to any form or radiation 
either in the visible spectrum or othenviso, it will become by 
absorption slightly warmed. This will tip.sct the balance of 
an electric circuit by causing a change in its resist-.mco, and 
a current being set up it will cause a very delicate and 
sensitive galvanometer provided with a mirror, to reflecl a 



beam of light in the form of a spot upon a suitable scale, or 
upon a photographic plate. 

These Infra-red rays are present not only in the sun's 
spectrum, but also in the arc-light, and are emitted by all 
heated bodies. Since they are a form of ” invisible light ” 
they obey the ordinary laws of light, and can therefore be 
reflected, refracted, and so forth. They travei'se opaque 
objects such as Ebonite. Tyndall demonstrated their 
presence in a very striking way. U.sing an arc-light, A 
(Fig. 92), he cut out all the visible rays by means of a glass 
cell containing Iodine and Carbon Disulphide, C, and 
brought the invisible " dark-heat ” rays to a focus in a 
mirror, M, where they set on fire a piece of wood. 

For a complete study of the Infra-red rays and of the 
heating effects of this form of radiant energy it is necessary 
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to make use of prisms and lenses of rock-salt, since much of 
the radiation is absorbed by ordinary glass. Fluor-spar is 
also used. 

The energy of light manifests itself not only in heat 
but also in chemical action. Plants by the action of light 
are able to tear asunder the Carbon and Oxygen atoms of 
the Carbon Dioxide present in the air for the purpose of 
building up their structure. And it is the red raj^s which are 
mainly responsible for the decomposition. And on the 
other side of the spectrum in the violet and Ultra-violet 
regions there are other rays which cause chemical action, 
this time in the Salts of Silver. This is the basis of photo- 
graphy. To-day we have plates sensitive to the whole 
spectrum and be3’-ond, so that the area of chemical action has 
been much enlarged. 



CHAPTER XIX 


WHAT THE SPECTROSCOPE TELLS US ABOUT THE SUN 
AND OTHER HEAVENLY BODIES 

The spectrum of sunlight with its fascinating colotirs which 
pass from red all along to blue and violet in orderly gradation, 
reveals to us further characteristics which are of profound 
importance in any study of the subject. For besides those 
alluring colours which all should see, we find that tlie 
spectrum is crossed by a number of dark lines which were 
the special object of investigation by Fraunhofer. He found 
that they were present in very large numbers, and that some 
were broader and darker than others. Moreover, they were 
to be seen not only in the emission or continuous spectrum of 
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the Sun, but also in the spectra of the Moon and the Stars. 
It is true in these latter that they were not quite the same 
as regards their position and their intensity as those Hues 
seen in the spectrum of the suit, but they all pointed to the 
conclusion that the cause of the phenomenon lay in the 
heavenly bodies themselves. For it was not possible, so 
Fraunhofer found, to detect these mysterious dark lines 
in any continuous spectrum of terrestrial incandescent 
soHds, He mapped out a large number of the dark lines and 
assigned to the chief ones the letters of the alphabet (Fig. 
93). Thus A, B and C are in the red portion of the spectrum, 
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T> consisting of two parallel lines close to each other lies in 
the orange-yellow, E in the border line between yellow and 
green, F in a position where the green shades off gradually 
into blue, G in the indigo portion of the spectrum, and H 
far into the violet. 

Fraunhofer not only mapped the dark lines but he also 
measured their wave-length. This, as has been already 
mentioned, is the distance from the crest of one wave or 
undulation to the crest of the next as is denoted by the 
letter L (Fig. 94), and the frequency of any wave is expressed 
in terms of the number of waves which pass a given spot 
in one second. But since the little particles which constitute 
the wave movement are like corks, bobbing up and down on 
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the surface of rippling water, so, too, the distance from any 
particle to the next which is in a similar position, and moving 
in the same direction, is a measure of the wave-length, as 
for instance A to B in the figure. 

In order to measure the wave-lengths of the dark lines 
Fraunhofer made use of another method of splitting up 
light into its component parts. He used what is known as a 
Diffraction Grating. Suppose that we examine the light 
of a candle by means of two very fine slits, one in front of 
the other, we shall notice a beautiful image consisting of a 
bright central band which is the image of the slit flanked 
on both sides (Fig. 95) with a number of coloured bands, 
alternately bright and dark and becoming less pronounced as 
they gradually shade off to the right and left. The result 
is due to light passing through the slits and penetrating into 
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the geometrical shadow on either side ; there they produce 
what are known as Interference effects. In other words, we 
must imagine that the waves of light will in some cases 
unite wnth one another, crest with crest, and strengthening 
one another will produce bright bands, wdiile at other points 
uniting in unlike phases, crest with trough, will annihilate 
each other and produce dark bands. And if we view these 
bands through coloured glasses, say red and blue, we shall 
find that the dark bands of the red image arc further apart 
than those of the blue image, proving thereby that the red 
rays have a greater wave-length than the blue. 

Now a Diffraction Grating consists of a very great number 
of narrow slits arranged close to each other, and Fraunhofer 
constructed some by ruling a large number of close, equi- 
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distant parallel lines on sheets of glass. They gave a series 
of spectra in which the colours are differently distributed 
in comparison with the ordinary colours of the prism. In 
these latter the blue is much dispersed, while the red, yellow 
and green are aU crowded together. In the diffraction 
spectrum the distribution of the various colours is in terms 
of their wave-lengths (Fig. g6). And by determining the 
position of the lines Fraunhofer measured the wave-lengths 
of the dark spectral lines found when sunlight is examined 
through a spectroscope. For instance, without quoting 
all, he found that in the celebrated D line there were more 
than forty-three thousand waves to the inch, with a rate 
of vibration or frequency of over five hundred billions per 
second. 

If the lines composing a Diffraction Grating are carefully 
ruled by a diamond point on hard polished metal it is possible 
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to crowd more than twenty thousand into one single inch ! 
^^orking with such gratings the different wave-lengths of 
light can be calculated veiy accurately. 

In order to test some of the dark spectrum lines of the 
sun, and especially the D line, and its possible coincidence 
with that seen in the spectrum of the glowing gases of the 
arc-light, Foucault caused an image of the sun to fall on the 
arc, and saw that the two lines coincided. The gases ab- 
sorbed the very rays which they gave out, revealing what 
is known as the " reversal” of the spectrum. Dark lines 
take the place of the bright ones. This is of very great 
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Fig. 9O. (i) Diffraction Spectrum. 

(2) Prismatic Spectrum 

significance. These dark lines must be caused by white 
light passing through the glowing vapour of Sodium present 
in the Sun’s atmosphere. And this is not an isolated case. 
We know by the researches of Kirchoff that there are other 
dark lines which occupy the same position as the bright 
lines of various metals, such as Iron, Copper, Calcium 
(line H), Potassium, Strontium and many more. Gases, too, 
reveal their presence. Thus lines C, F and G coincide with 
Hydrogen. A and B are known as “ telluric ” lines {Tclhts, 
earth, Lat.), and are absorption Oxygen bands caused by 
the rays of the sun when low down on the horizon passing 
through a layer of aqueous vapour present in the atmosphere 
of the earth. The light, too, which reaches us from distant 
stars show absorption spectra. How far away these shining 
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bodies are ! Yet they reveal to us through all the realms 
of space, the secret of their composition. Moreover we know 
that the gases which intercept and absorb the rays of light" 
passing through them must be at a lower temperature lhan 
the source of those radiations. Otherwise ab.sorption and 
radiation would balance each other, and the dark lines 
would disappear, or we should get bright lines as the result 
of a higher temperature. 

And bearing this in mind, if we wish to reproduce this 
beautiful phenomenon in the laboratory we must first get 
a very hot source of light, such as the arc-light, to represent 
the photosphere of the sun which lies beneath the glowing 
atmosphere vapours, and a Bunsen-burner of lower tempera- 
ture containing Sodium in a vaporized condition. The dark 
band is then seen very clearly — the absorption spectrum 
of Sodium. 

The principles which underlie this are very interesting, 
and we must just look at them for a moment. 

Suppose that we take two tuning-forks which arc in 
unison, and place them close to each other. Let us sound one, 
and after stopping the vibrations let us attentively listen. 
The other fork, set in vibration, gives out the same note 
as the first one. It is vibrating in harmony or in resonance 
with it, since its period of oscillation or frequency is simiku: 
to that of the first. Or consider this analogy. 

If we take two precisely similar balls of equal size and 
weight and hang them to a wire between two supporl.s 
(Fig. 97) by equal lengths of string, and set them swinging, 
th^ frequency of oscillation will be the same. Each will 
swing backward and forward with the same natural period 
of vibration. 

Let one ball be at rest and set the other in motion. Wliat 
happens? The stationary ball will begin to oscillate in 
sympathy or resonance with the first, and soon it will be 
seen to swing backward and forward, while the oscillations 
of the first one gradually die down. But directly this happens 
the second ball assumes the rdle of the first and begins to 
set it in motion, while its own vibrations gradually die away. 
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And so it goes on until the two vibrating systems come to 
rest. 

So also we must imagine the electrons in the vapour of 
Sodium capable of oscillating with a certain time-period or 
frequency of their own — more than five hundred billion 
per second. When white light traverses the vapour the 
electrons, being subjected to periodic impulses of the same 
rate of vibration as their own, will respond through 
resonance, and will vibrate with such energy that they 
will absorb that of the electrons corresponding to that 
particular wave-length. Thus instead of bright lines we 
get dark lines by reason of this absorption. 

We have seen that the application of the spectroscope 
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Fig. 97. Swinging Balls 
Illustrating the Prin- 
ciple OF THE Reversal of 
THE Sodium Line 

to the analysis of sunlight revealed to us the fact that there 
are elements in the sun which are known to us on earth, and 
that all these have characteristic spectra. And the reversal 
spectrum of Sodium (and other elements) tells us that there 
must be a solar atmosphere of glowing vapours, and that 
inside this must lie the actijal surface of the Sun — that 
brilliant surface which is called the Photosphere. Rowland 
of Baltimore, with the aid of his Diffraction Gratings, made 
an exhaustive map of the spectral lines in the Sun, He 
identified an extraordinary number of terrestrial elements. 
Thus in the case of Iron alone, he accounted for more than 
two thousand lines. 

At the time of an eclipse when the Moon intercepts our 
view and interposes itself between the sun and our earth, 
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it is possible to get some idea of its surroundings. The 
phenomena attendant on such eclipses arc very striking. 
From the chromosphere or gaseous envelope of the sun there 
flash forth " Prominences,” as they are called, to a height 
which occasionally extends to two hundred or three hundred 
thousand miles. At the same time a radiant halo which is 
called the “ Corona ” surrounds the eclipsed sun (Fig. rjR) 
sending out rays in all directions which penetrate to an 
enormous distance, even to some millions of miles. Let us 
look at these different aspects of the sun, and see in what 
way the spectroscope has helped to reveal their secrets. 

There is no doubt that the prominences (Fig. 99) consist 
of gases in a luminous and glowing state - lurid ilanii's or 
clouds which reveal their presence in bright line spectra. 
Many of the early observers saw these Ihics quite clearly 



when there was no eclipse, and their position in the spcclnim, 
which corresponds to those of the dark Fraunliofor lines, has 
been determined, i.e. C, F, G (near), and //, the spectrum of 
Hydrogen. 

Although the prominences are for the most part of a 
rosy colour, it is possible to observe them in the light of any 
particular wave-length. Thus they can be observed and 
examined in the light of the Feline or C line. In other words, 
in light of one colour only, monochromatic. A prominence 
seen in the light of the F line will appear to be bluc-groen. 
This has been made possible by the employment of a very 
ingenious instrument — the Spectrohcliograph, invented by 
Professor Hale. 

The light given out by a particular wave-length reaches 
the photographic plate through a second slit which is so 
arranged that it excludes all the rest of the spectrum, and 
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allows only this definite wave-length to pass. The image 
of the sun or prominence is allowed to pass across the first 
slit of the spectroscope, which is of large dimensions, slowly 
and uniformly by means of a small motor which moves the 
telescope. At the same time the photographic plate is 
moved along in unison with the sun’s image, giving in this 
way an image in monochromatic light of any wave-length 
desired. According to Evershed it is possible to establish 
the presence of two distinct kinds of prominences, eruptive 
and quiescent, and the spectroheliograph tells us that " the 
position of prominences is not confined solely to the edge 
of the sun but that they are distributed all over the solar 
surface.” There are also markings known as “Flocculi” 
which have been photographed — clouds of Calcium vapour 
as seen by light from K. Some, however, are dark, and are 
closely connected with the prominences. 

Helium is one of the constituent gases of the prominences. 
Since it is one of the disintegration products of Radium we 
must infer that that famous element is present also in the 
sun. 

The Chromosphere, or enveloping cloud of gaseous vapour 
round the sun, shows the same bright lines as are revealed 
by the prominences, if viewed (as Lockyer has indicated) on 
a faint extended spectrum so as to cut out the light due to 
reflection and diffusion. Among the lines is one character- 
istic of the element Helium ; other elements also reveal 
their presence. Two notable lines, H and K, are due to 
Calcium. Huggins found that the varying changes seen in 
these lines and in others given by the same element, were 
due to varjdng densities of ^the vapour present in the 
chromosphere. Deslandres added an ingenious addition to 
the spectroheliograph — an instrument which may be styled 
a ” speedometer.” This indicated the speed at which the 
gaseous vapours of the chromosphere are ascending and 
descending. Later observers have recorded eruptive out- 
bursts of Hydrogen of short duration. Photographic 
records have been obtained also of a curious phenomenon 
seen on the occasion of an eclipse. The “ Flash Spectrum ” 
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is a sudden reversal of the dark absorption lines into 
bright line spectra which vanish as quickly as they 
come. 

The Corona, when we look at it in the spectroscope, reveals 
a line in the green which is attributed to an unknown element 
— Coronium. There is also a continuous spectrum which 
points to the presence of incandescent bodies. Other 
bright lines are caused by Magnesium, Sodium, Iron and 
Titanium. 

Let us now look at those interc.sling objects called Sun- 
spots. The modem theory of sun-spots is base<l upon the 
knowledge which the spectroscope has conferred on workers 
in different observatories throughout the world. They tell 
us that these objects are columns of gas which, rising from 
the interior of the sun like gigantic tornadoes or waler- 
spouts, and expanding by reason of their raj)id rotation, 
" produce a comparatively dark cloud, the umbra, which 
we see in the sun-spot.” They are gaseous vortices. Hale 
announced that he had discovered the existence « )f a magnetic 
field in these spots, and Maunder has cstablLshod a con- 
nection between them and terrestrial magnetism. It would 
appear that magnetic storms are coincident with the presence 
of .sun-spots which are electrical in character. 

The Stars, those myriad lights of the heavcu.s — what can 
we learn about them ? Fraunhofer, who examined the light 
given out by various stars, found certain dark lines as he 
had previously done in the case of the solar spcelrum. 
Although they were not always alike, iherc seems no doubt 
that when these dark lines are seen, judging from the analogy 
of the solar spectrum, they must be caused by a photo.sphcre 
emitting light which is afterwards absoi bed by a gaseous 
atmosphere outside. Of course, the light is much more 
feeble than that of the sun. Even the bright pst star of all, 
Sirius, is many thousand million times less bright than the 
sun itself. However, he showed that similar elements existed 
in the atmosphere of stars like Arcturus, Capella, Aldebaran 
and others, as those discovered in the sun. The work was 
carried out by means of a telescope, and a simple prism 
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placed in front of the object glass. This gave a very narrow 
spectrum, which added to the difficulties of the task. 

When, later on, Huggins and Miller took up the investi- 
gation, they substituted a narrow slit for the prism, and 
placed it in the focus of the telescope together with a lens 
and prism — a spectroscope — and the resultant image was 
broadened out as much as possible by a special cylindrical 
eyepiece. Numerous elements were discovered in the 
spectra of stars by these means. Hydrogen revealed its 
presence in most of them. The spectrum (Fig. lOo) 
reveals five lines, one in the red, one in the blue-green, the 
third in the indigo, and two away in the violet. 

Secchi found that the stellar spectra could be grouped 
in four main divisions, and in one of them the Hydrogen 



lines were wanting. Thei'e were added a few stars distri- 
buted in the ]\Iilky Way to form a fifth group, and there are 
others which give a bright line spectrum of Hydrogen. 
These form, perhaps, a small class of their own. 

Group I includes white or bluish stars of which Sirius and 
Vega are examples. The former is the brightest of all the 
stars, and within the first six of those which are nearest to us 
on earth- The spectrum of Jhe Hydrogen lines is dark and 
broad, but the metallic lines due to the presence of Calcium 
is weak. Vega (alpha Lyrae), a star of the first magnitude, 
has also a weak Calcium line, but a large number of Hydrogen 
lines are seen, and from researches it has been found that 
all these bear a simple relation to each other. This has been 
extended to the spectra of other elements such as Potassium, 
Lithium, etc., which can be divided up into three distinct 
series connected with one another. 
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In Group II there are a number of stars of which Arcturus 
and CapeUa are types. They are yellow in colour. Arcturus 
(alpha Bootis) is a very bright star and its spectrum 
discloses Hydrogen lines clear and dark. There is also a 
strong Calcium line. 

Group III includes orange stars like alpha Orionis, 
(Betelgeux) which is another very bright star, whose 
spectrum reveals Sodium and Magnesium and a number 
of fluted bands which are very prominent in the blue end 
of the spectrum, but which shade away towards the red. 
It has been shown by Fowler that these interesting bands 
are due to the presence of Oxide of Titanium. They are 
also present in sun-spots. 

In Group IV are to be found certain red stars, not very 
bright, which show fluted spectral bands shading off towards 
the violet — a reverse direction to that of the stars of the 
previous group. They are due to the reversal of a Hydro- 
carbon or a Carbon Monoxide spectrum, which in comets 
is seen as a bright line spectrum of three lines, two of green 
and one of blue. Piazzi Smyth, who investigated the 
spectrum, considered it to be due to the Oxide of Carbon . He 
denoted the position of the lines in terms of what he called 
“wave-numbers,” or the number of waves lying in any 
definite length such as an inch. And Alexander Hcrschel 
showed that these wave numbers could be arranged in two 
"similar arithmetical series, the fifth of the first series 
coinciding with the first line of thesecond.” Thc.se and other 
relations suggested that there was a law governing them, 
just as we have seen in the case of Hydrogen and the 
alkaline metals. Thus the spectrum is a very important one. 

Group V contains stars as Higel (beta Orionis), whose 
spectrum reveals the presence not only of Hydrogen, but 
also that of Helium, which is found, too, in the atmosphere 
of the sun. These Helium stars are generally found in the 
region of the Milky Way, that wonderful part of the heavens 
which Milton calls the “ Galaxy . . . powdered with 
stars,” and which Aristotle thought was the result of all 
kinds of earthly vapours blazing in the sky. 
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There are certain stars which may be included in a small 
group (Group VI) which give bright line spectra of Hydrogen. 
A typical member of this little community is beta Lyrse, 
which is another Helium star. 

From time to time certain mysterious stars have appeared 
in the heavens which have shone for a time, some with 
various colours, and have then faded away. The brightest 
of all was the Nova, or New Star {novus, new, Lat.), named 
after Tycho Brahe, which is said to have been as bright as 
Venus. It lasted for a year and a half. They all exhibit the 
bright line spectra of hydrogen and helium, and also a line 
in the green which is due to the presence of what has been 
called “ Nebulium,” an unknown constituent of the nebulse. 

TCoronse, as a very faint star, rose in brightness to that 
of a star of second magnitude, and then gradually faded. 
It showed a bright line spectrum, and it is interesting to 
note that the “ prominences ” seen in a total eclipse of the 
sun give the same bright line spectrum, as also the “ chromo- 
sphere,” thus suggesting that stars, too, possess prominences 
and chromosphere. And this agrees with the theory of 
Huggins that the Novae are the result of an outburst of hot 
matter from the interior of the star. Barnard also points 
out that one of the chief characteristics of the Novae is 
that in their early stages they give a crimson image which 
is due to a vast outbreak of Hydrogen. Other Novae have 
appeared in the Great Nebula in Andromeda, in Cygnus, 
in Auriga, and a very brilliant one in Perseus, which photo- 
graphic evidence led to the belief that in its later stages it 
had given birth to a nebula. 

There are some stars whose brightness is not a fixed 
quantity. They vary from*time to time. One of the best 
known is Algol. From a second magnitude star it changes 
in brilliancy almost to one of whole magnitude, the entire 
period involved being about two days twenty hours. The 
theory that the variability is caused by an eclipsing com- 
panion which describes an orbital path round it was con- 
firmed by Vogel, who showed that the dark companion 
satellite was moving at a speed of nearly thirty miles per 
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second. This he did by the aid of the spectroscope, for by 
its use it is possible to determine the motion of bodies as they 
approach or recede from us. It was Doppler who laid down 
the principle on which such determination is based. Thus, 
" when the distance between us and a body which is emitting 
regular vibrations either of sound or light is diminishing, 
then the number of pulsations received by us in each second 
is increased and the length of the waves is correspondingly 
diminished,” and vice versa. 

We see a cyclist approaching us on the road ringing his 
bell, and we notice that the pitch rises gradually until he 
passes us, when it gets lower and lower. In the one case, that 
of approach, the effect is to shorten the wave-length and 
raise the pitch. More waves enter into our ear. When 
receding, less waves enter and the pitch falls. Apply the 
analogy to light. Suppose that we have a green light source 
approaching us. The light given out will be that of a gradu- 
ally increasing frequency of oscillation with a diminishing 
wave-length. Thus the green will tend to become slightly 
blue in colour. In the case of a star spectrum, or indeed of 
that of any moving body in the heavens, what is seen is a 
slight displacement of the spectral Imes, say that of the 
hydrogen line towards the red end (receding) or towards the 
violet (approaching) of the spectrum. Of course, the shifting 
of the lines is very very small, and the whole observation is 
a very delicate one. In the case of Sound the phenomenon 
is easy to observe since the velocity of sound is so small 
compared with that of light — a little more than a looo feet 
per second compared with 186,000 miles per second ! Hence 
any change of colour, and therefore of wave-length, corre- 
sponding to the change of pitch? of a cyclist’s bell is quite out 
of the question. Yet, the ringing of the bell— one of the 
commonplaces of life — Pleads us on to profound conclusions 
involving a very beautiful application of the spectroscope. 
And the principle has been used to determine not only the 
vdocities with which stars are approaching to or receding 
from us, but also such questions as the law which governs 
the Sun’s rotation, Saturn’s rings, etc. In this latter case it 
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has been shown that of the two theories, (i) that the rings 
are stationary, or (2) that they consist of a swarm of small 
satellites, the latter is the correct one. The displacement of 
the spectral lines of the inner edge of the revolving rings 
towards the violet shows that the velocity is greater here 
than at the outer edge. 

In the case of so-called Spectroscopic Binaries " or 
double stars such as beta Aurigse, composed of pairs which 
at certain periods in their orbital path are found to be moving 
across the line of sight, there is no displacement. At other 
times there is a shift towards the violet in one star and 
towards the red in the case of the other, thus proving their 
approach and recession respectively. Another interesting 



(2) Displacement of line. Approach and recession, 

binary, beta Lyras, discloses the fact that the component 
members alternately eclipse each other, going through these 
changes in thirteen days with two maxima and minima. 
In the annexed illustration is a graphic representation of 
the principle involved (Fig. loi). The discovery of the 
spectroscope and the great advance in the science of photo- 
graphy has shed new light upon the heavenly bodies. To 
the telescope has been addai all the wonderful instruments 
of these later years with a corresponding increase of know- 
ledge. 

The telescope has not revealed to our sight more wonder- 
ful objects in the heavens than the Nebulse, those misty 
objects, faint, ethereal, luminous, which shine with the stars 
in the far-off depths of space. They exhibit different forms, 
some of which are exceedingly striking and impressive. 
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There are some of annular form {anntthis, ring, Lat.). 
Others are elliptical in shape like the Great Nebula in An- 
dromeda. Some adopt the spiral form, some like the Great 
Nebula in Orion are diffused irregular patches of light. All 
are unequally distributed. Around the poles of the Milky 
Way they are most abundant. 

The story of the discovery by Huggins of the spectrum 
of a Nebula is most dramatic. For the first time he had 
directed his telescope to one of the planetary Nebulai in 
Draco — ^what he saw astonished him. Instead of a spectrum 
extended out completely “ it remained concentrated in a 
single bright line. ’ ’ And a further examination r e veahM two 
other bright lines on the side towards the blue, ail the three 
lines being separated by intervals relatively dark.” The 
bright line spectrum was that of an incandescent gas. As 
Huggins says, “ the light of this Nebula had clearly been 
emitted by aluminous gas.” And after further description of 
this momentous discovery, he goes on to say that in the far- 
off ages of time the " matter now condensed into the sun and 
planets filled the whole space occupied by the Solar System 
in the condition of a gas which appeared as a glowing 
Nebula.” 

It was found later that not all the Ncbulic give the 
spectrum as seen by Huggins. Some disclose continuous 
spectra. Those which exhibit the bright-line spectrum 
owe it to an element peculiar to Ncbulse— -Ncbulium. There 
are lines to be seen both in the green and the violet, but the 
chief Nebulium line is a very bright one in the green. It has 
not been found in any earthly substance. Nicholson in a 
communication to the Royal Society suggests that it is one 
of the simplest t3q>e of elements whose atom is represented 
by a nucleus of positive electricity surrounded by revolving 
electrons, those little negatively charged units of electricity, 
which vibrate around the atom, just like the sun and the 
planets of the Solar System. 

The early spectra of Comets showed a very characteristic 
si^trum of fluted bands suggestive of Hydrocarbon con- 
stituents. Later spectra exhibit lines in the ultra-violet 
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portion of the spectrum. These have been put down to the 
presence of Cyanogen-gas. Some have revealed the presence 
of Sodium, some the characteristic lines of Iron, thus 
associating them with meteors. Some, too, have given a 
continuous spectrum. 

The generally accepted theory of Aurorae is that they are 
due to the projection from the sun at high velocity of 
electrons which on entering the earth’s magnetic field are 
given a definite path. Indeed, it has been shown experi- 
mentally that Cathode rays, which consist of negatively 
electrified particles, exhibit phenomena usually associated 
with Aurorae. The chief line in the spectrum, in the green, 
is still the ob j ect of much controversy. It has been put down 
to Argon and Krypton. Other bright lines have been 
assigned to Nitrogen, to Coronium, an unknown element 
present in the corona of the sun, etc. There is also a Hydro- 
gen line. 



CHAPTER XX 


CARBON AND SOME OF ITS COMPOUNDS 

The number of compounds into the composition of which 
the element Carbon enters is so great that it hUvS been 
customary to include them into one general group under the 
head of Organic Chemistry. And this, too, more for the sake 
of convenience than because of any definite boundary 
between them and inorganic bodies. In the early days of 
chemistry a sharp distinction was drawn between the terms 

Organic and Inorganic " as applied to compounds 
included under these two heads. Men looked abroad upon 
the face of Nature and saw all the wonderful compounds 
produced in the organs of plants and animals, produced by 
vital processes, by the agency of living things, and they 
naturally came to the conclusion that there must bo 
some distinction between them and those compounds 
which are not dependent for their origin upon ** vital 
force/" 

The distinction to which we have alluded was in a great 
measure the result of the barrier which was erected between 
the living and non-living. To-day, although wc cannot say 
that that barrier has been removed, and that the origin of 
life has been discovered by the chemist in his laboratory, 
yet we may affirm that the dividing line is not so sharp and 
distinct as it was once supposed to be. But the problem 
has not been solved. Whether life can be produced by 
chemical and physical processes is no concern to the worker 
in pure chemistry. The interest is centred in the domain of 
bio-chemistry {bios, life, Grk.) and biology. But, be this 
as it may, the distinction between organic and inorganic 
compounds h^s certainly broken down very much, and, for 
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this reason. Many of the compound.s of Carbon can be pro- 
duced artificially in the laboratorj'^ to-day quite independ- 
ently of any so-called “ vital force.” The number, too, of 
these substances is increasing every day. The triumphs 
of modem synthetical chemistry are seen in all depari ments 
of life. We have artificial or synthetic drugs, scents of all 
descriptions, dyes, foods, drinks, etc., ever increasing in 
bewildering array, and the end is not yet. When Urea, a 
typical organic compo\ind usually thought to be obtained 
only from the bodies of animals, was artificially produced by 
W’ohler, the ball was set rolling, and it has continued to roll 
ever since. It was the first breach in the wall which had 
hitherto been considered invulnerable. It is possible now 
to produce synthetic compounds which resemble, and are 
very loosely related to, those products styled Peptones 
which are formed in the human body by the action of the 
gastric juice, containing small quantities of an organic 
body called Pepsin. Thus the reaction which set in against 
the supporters of the theory of “ vital force ” has been very 
much strengthened. The fight has been carried right into 
the enemy’s country. 

Most of the Carbon compounds are formed by the union 
of that element with Hydrogen, Oxygen and Nitrogen in 
varying proportions, and it is wonderful, when we come to 
consider it, the number of chemical changes which can be 
rung, and the prodigious array of bodies which can be formed 
by the combination of Carbon with so few elements. 

Without considering the artificial compounds, we may say 
that Carbon is an exceedingly and widely diffused element. 
We meet with it everywhere in natural combination, in 
all organic stractures of animal and vegetable life, in the 
air we breathe, in vast mountain ranges as limestone, 
chalk, etc., in the depths of the earth as coal, and else- 
where. And we have seen that it is present also in the 
heavenly bodies. And just as we saw in the case of such an 
element as Phosphorus that it can exist in different forms 
or modifications — ^known as allotropic — so, too, in the case 
of Carbon we have such bodies as the Diamond and Graphite 
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or Plumbago, which seem so entirely different that it is 
difficult to imagine at times that they arc only divers forms 
of the same substance. 

The Diamond is the purest form of Carbon and occurs in a 
crystalline condition, sometimes in the form of octahedra 
(Fig. 102). It is the hardest substance known. That it 
consists of Carbon is seen by the fact that it can be burnt 
away in Oxygen-gas (as Lavoisier showed) or converted into 
a black mass like coke in the intense heat of the electric arc. 
This heat may rise to temperatures as high as 7000®, which 
is very much greater than boiling steel. At this temperature 
such a metal as Platinum, which is most refractory, molts 
quite easily. In ordinary blast-furnaces in wliich special 
means are taken to raise the temperature, the limit is ai)out 



3000®. The electric furnace sttind.s by itself, 
therefore, in the artificial production of 
very high temperatures. At Xijigani, wdth 
the power derived from the Fulls, there are a 
large number of these furnaces which manu- 
facture alixminium from clay, xinitc lli(»se 


Fio. 102. Oqxa- infusible elements, lime and coke into 
HEDRAL^FoMt or qJ Calcium, and turn out large 

quantities of Carborundum, which is used 
for grinding metals. 


Moissan, utilizing the great heat of the electric furnace, 
actually produced artificial diamonds. He took Iron, and 
after saturating it with Carbon and strongly heating it, he 
suddenly cooled it. By this means he produced an enormous 
pressure by the contraction of the outside solid portion of the 
mass on the interior solidifying metal, so that part of the 
Carbon content assumed thef form of the diamond. The 


gems produced by this process were quite microscopic in 
size. Even the largest were only about *5 millimetre in 


diameter. 


Graphite is a modification of Carbon. The common name 
is black-lead, a dark, friable substance with a metallic 


lustre. It is very soft and is used in the manufacture of 
pencils. It is often found in the crystalline form, like the 
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diamond, generally in the shape of hexagonal or six-sided 
plates. It is produced artificially to-day in the electric 
furnace from Charcoal. 

This substance with Graphite and the Diamond constitute 
the three allotropic modifications of Carbon. It is obtained 
from wood by subjecting it to partial combustion in a kiln 
or pile of wood so arranged that only a limited supply of 
air can come in contact wnth the burning material. The 
volatile compounds of Carbon with Hydrogen and Oxygen 
are driven off, and charcoal is left behind. It is a black 
non-crystalline substance which burns in air forming 
Carbon Dioxide or Carbon Monoxide according to the 
perfectness of the combustion. In its purest form it is 
known as Lamp-black, which is deposited on any cold surface 
from a smoky flame. In chimneys it occurs in a less pure 
state as Soot. Coke is another form of Carbon, and is 
obtained as a by-product in the production of coal-gas. 
Bone-black is an impure form of animal charcoal obtained 
from bones. Charcoal is an exceedingly porous substance, 
and advantage is taken of this property in many ways. 
It is able to absorb various gases in large quantities. One 
volume of coco-nut charcoal will absorb more than one 
hundred and seventy volumes of Ammonia-gas, and even 
ordinary charcoal will absorb Oxygen in the ratio of one 
volume to nine volumes of the gas. Here lies the secret of its 
purifying powers when used in filters and as a disinfectant. 
Offensive gases and disagreeable substances are at once 
oxidized and changed with the consequent loss of smell. 
Its action is purely a chemical one. 

Then, too, it is largely used in the refining of sugar since 
it has the power of removing colours from liquids. For 
this purpose bone-black is chiefly used, and by its use the 
dark-coloured syrup which is obtained from the cane in the 
early stage of manufacture is decolourized. Again, in the 
production of high vacua where vessels are required to be 
exhausted of air very completely, the principle of absorption 
has been utilized at the suggestion of Dewar for this purpose. 
When the Mercury pump has done its work, the remaining 
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gas is absorbed by charcoal with the aid of liquid air. By 
this means Dewar has reduced the pressure in a vessel to 
0*000, 008 mm. of Mercury. When we con-sider that the 
average weight of the atmosphere will support a column of 
Mercury seven hundred and sixty millimotres in height, 
we can form some idea of the extreme tenuity of the residual 
air in such exhausted vessels. We all know that wood 
gradually decays in air ; in water and in damp ground it.s 
deterioration is still more rapid. But charcoal preserves 
its structure for longer periods. Hence wood u-hich has been 
charred — spiles, for instance, immersed in water— does not 
suffer decay in anything like the same way as untreated 
material. 

The carbonaceous rocks of the earth contain the decayed 
remains of vegetable life which have accumulated Ihrough 
vast ages of time — geological epochs — and form the product 
known as Coal. The process was one of successive stages, 
from decaying wood and vegetable matter to peat, lignite 
and various forms of Coal, all distinguished by their varying 
content of Carbon, Hydrogen and Oxygen. Thus, anthracite 
contains more Carbon than ordinary Coal, but h'.ss Oxygen 
and Hydrogen. The volatDe liquid.s — by-products in gas- 
making — ^known as coal-tar arc black and evil-smelling. 
That they should give rise to those enchanting adours 
comprised in dyes of a thousand hues and shades, is one of 
the marvels which Science reveals. 

It is very difficult to get Carbon to combine din-ctly with 
Nitrogen, but by passing Nitrogen over a mixture of some 
form of Carbon and an alkaline carbonate like Pot as.siu in 
Carbonate there results, under the influence of a high 
temperature, a compound c&lled a Cyanide— in this case 
Potassium Cyanide. From this can be formed Mi’rcury 
Csranide. If we heat this compound we get llic colourless 
gas. Cyanogen, given off. It is soluble in wafer and inflam- 
mable, burning with a purple flame. It is very poisonous. 
Some of its compounds are blue, hcncc its name {Jkuanos, 
blue, Grk.). It combines with Hydrogen to form that 
exceedingly dangerous substance. Hydrocyanic or Prussic 
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Acid, which occurs in Nature in the leaves of the laurel, etc., 
in this case, of course, in very minute quantities, since one 
drop of the pure acid is fatal. It has the characteristic 
smell of bitter almonds. The Cyanides of Silver, Potassium 
and Gold are largely used in electro-plating. Prussian 
Blue, which is extensively used as a pigment, is a double 
Cyanide of Iron. 

Carbon combines with Hydrogen to form a host of com- 
pounds known as the Hydrocarbons, For the purpose of 
this book it will be sufficient to look, first of all, at three 
members of three distinct groups or series. They are Marsh - 
gas, Ethylene and Acetylene. 

Mention has been made before of Marsh-gas in connection 
with explosions in mines under the name of “ Fire-damp.” 
When these disasters take place a large proportion of deaths 
occur from poisoning, from “choke-damp,” or Carbon 
Dioxide, but the explosions themselves are started by Marsh- 
gas or Methane, which is present in large quantities in Coal, 
especially when newly raised. We need not be surprised 
since the percentage of Hydrogen in the gas is so high. 
Mixing with air it forms a highly explosive mixture. As 
its name suggests, it occurs in Nature wherever vegetable 
matter decays in the presence of water. It bums with a 
blue-yellow flame. 

Methane may be prepared artificially by heating Sodium 

acetate with an alkaline base like Caustic Soda. If we take 

* 

away three atoms of Hydrogen from Methane and sub- 
stitute three atoms of Chlorine we shall get a very important 
compound which is known as Chloroform. 

This well-known substance, from a medical point of view, 
is a heavy sweetish liquid with a pleasant ethereal smell. 
It has a peculiar physiological action, causing temporary 
insensibility to pain, and is largely used as an anaesthetic. 
It may be prepared by heating alcohol with bleaching 
powder. 

Now, we can substitute three atoms of Iodine in the same 
way and we get another important compound — Iodoform. 

This substance is used largely in surgery as an antiseptic. 
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It is a solid yellow crystalline body which is soluble in alcohol 
and ether. It may be prepared by heating alcohol with 
Sodium Carbonate and Iodine. 

We have mentioned Alcohol several times, and since it is 
one of the derivatives of Methane, we must look at ifc a little 
more closely. It exists in a number of different forms. 

When wood is heated in retorts gaseous and liquid products 
such as Marsh-gas, Hydrogen, Carbon Monoxide, Tar, 
Pyroligneous Acid (crude Acetic Acid), Wood Sjnrit, etc,, 
are formed. The latter is separated out hy disliilal ion with 
lime and Sulphuric Acid, and there results a colourless 
liquid which burns with a pale blue flame. Its properties 



Fig. 103. Yii.\sT is Vauious 
Stages of Growth 

resemble those of common alcohol. It is ciillod IMetbyl 
Alcohol or Wood Spirit. 

Ethyl Alcohol, known as Spirits of Wine or Comnujn 
Alcohol, results from the fermentation of sugar. Tliis 
sugar may be derived from many sources. Grafic: Siig'.ir or 
Glucose, which is found in fruit juice, honey, etc., when 
dissolved in water and subjected to the action of yeast, is 
decomposed into Carbonic Acid and Alcohol. 

Yeast is really a lowly plant of simple form like the 
Algae, and consists of thousancTs of minute little cells 
under suitable conditions reproduce themselves with grout 
rapidity, by a system of budding, into a chain of cells (lug. 
103). Now, yeast gives rise to certain substances called 
Enzymes, nitrogenous bodies which cause chemical changes 
to occur in many different ways and under different cir- 
cumstances. There are many kinds. The particular body 
with which we are immediately concerned is called Zymase. 
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But there are others. For instance, in the saliva of the 
mouth Ptyalin is the active agent which is responsible 
for converting starch into a form of sugar. Then we have 
Diastase, which is able to convert starch into maltose and 
dextrin. It may be obtained from germinating barley. 
Another enzyme is Pepsin, which is contained in the gastric 
juice of the body, and the ultimate product is Peptone, the 
result of the splitting up of Protein, one of the organic 
compounds contained in ordinary food. Another interesting 
enzyme is Rennet which, added to milk, causes it to curdle 
with the formation of junket.^' 

Fermentation is therefore the first stage in the manu- 
facture of alcohol, but the product at first obtained is 
impure and weak. It is necessary to have recourse to 
distillation in order to get a more concentrated spirit, which 
may be afterwards subjected to rectification in order to 
separate out as far as possible the water content. The 
purest form of alcohol thus obtained is known as Absolute 
Alcohol, which is a colourless spirituous liquid with a hot, 
burning taste and of intoxicating properties. It is highly 
inflammable, burning with a blue non-smoky flame. Alcohol 
is largely used as a solvent of resins, organic bodies of 
different kinds, and entei's largely into the composition of 
varnishes, tinctures of all sorts, and perfumes. Ordinary 
methylated spirit " is a mixture of ordinary alcohol with 
a certain percentage of wood spirit or some other allied body 
which will render the liquid unfit for drinking purposes. 
Alcoholic beverages contain various percentage amounts of 
the pure spirit in them. Thus in beer of a mild form the 
alcohol present is about 3 per cent. Claret contains 7 per 
cent, whisky, brandy, rum, all contain a large percentage, 
from 30 per cent upwards. A good class of stout or porter 
will have an alcoholic content of 6 per cent and over. Proof- 
spirit contains about 50 per cent of the pure spirit. 

If alcohol be mixed with Sulphuric Acid and carefuUy 
distilled, a very light colourless liquid possessing a strong 
vinous smell is obtained. This is known simply as Ether. 
It is exceedingly inflammable, and as its boiling-point is 

p 
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only about 34°, great care is ncccssaiy in handling it. Its 
vapour spreads rapidly and forms with air a \'ery explosive 
mixture. It is largely used as an ana\SLhctic eilhcr by itsdl 
or mixed with chloroform. It is an excellent solvent for all 
kinds of fats, resins and other bodies. 

Aldehyde or Acetic Aldehyde, os it is soineiiincs called, 
is the result of oxidizing alcohol. It is oJeoboi minus two 
atoms of Hydrogen, and is a colorniess volatile liquid wiih 
a peculiar smell. It possesses strong reducing properties 
since it unites easily with Oxygen. Parakh hyde is a 
modification, occasionally used in medicine, and is tlie 
result of the cliange which comes when Alck::liydo is left to 
itself for some time. 

If we substitute three atoms of i'iiloriuc for ihicc of i lydro- 
gen in aldehyde we get a colourless liquid — chloral — with a 
powerful smell. If we add water to this we a vc»ry 

impox-tant substance, Chloral Ilydrale. This crjstidises 
out in coloixiioss prisms which are used in ineditjiiie fur 
inducing sleep. 

If the vapour of wood spirit (mc;li}d alcebol) be passed 
with air over heated Plo.liniirn u colon rJess gas is obtaiuc-d 
which dissolves in water, foriniug a solution known as Forma- 
lin. This has the propex^ty of renderings gelatine in.so 1 u])ki 
in water. Hence it is largely used by pholographois, 
especially in warm climates, to prevent “frilling'’ of ihe 
edges of plates and films. It is used also as a preservative 
and disinfectant. 

If Formaldehyde (Formalin) be oxidized a colourless 
liquid with a strong penetrating smell is obtained, 'lliis is 
Formic Acid, which occurs naturally in ants, hence its uaixie 
(formica, ant, Lat.). 

We have seen that alcohol is the result of fermentation 
of sugar through the action of minute organisms which are 
contained in what is called yeast. Now alcohol itself can 
be subjected to a form of fermentation which transforms it 
into acetic acid. This is known as acetic-acid fermentation. 
And, speaking generally, there are many organic bodies 
which can be fermented if there are present the necessary 
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organisms or " ferments,” which, finding a suitable medium 
for their growth, are able to induce chemical changes and 
decompositions. 

Acetic fermentation is often spontaneous. Beer, for 
instance, if left exposed to the air for some time, becomes 
acid in character. Its alcohol has been changed into weak 
acetic acid solution. So, too, wine becomes sour for the 
same reason. Indeed, “ wine- vinegar,” as it is called, is 
made in this way by exposing a cheap wine of poor quality 
to the action of atmospheric air. But in all these cases, 
some outside agent is necessary, some aerial germ to induce 
the chemical change. In this case a minute and micro- 
scopic fungus, the Mycoderma Aceti, is the bearer of the 
Oxygen from the air which is necessary for the alcohol to 
absorb before fermentation can take place. 

Sometimes barrels or large casks are partially filled with 
vinegar in order to obtain a large quantity of the Mycelium 
growth. After being emptied they are filled with weak 
wine and left to ferment. An infusion of malt is also used. 
But all these processes are slow. A quicker method is to 
cause a stream of weak alcohol to trickle through casks 
filled with beech-wood shavings previously sprinkled with 
vinegar. At the same time a current of air is blown through 
the shavings, and all the time the temperature is carefully 
regulated so as not to exceed about 77° F. A certain amount 
of alcohol is always present in the final product and acetic 
acid, whose content varies from 3 to 5 per cent. 
Colouring matter is added sometimes. The fragrance of 
high-class vinegar is due to the presence of small traces of 
ethereal salts. A great deal of cheap vinegar is nothing 
more than acetic acid with some colouring matter and a 
little flavouring. Pure acetic acid is a colourless liquid 
with a sharp but not unpleasant smell, and a strong acid 
taste. Below i6° it forms an ice-like mass which is known 
as Glacial acetic acid. It forms soluble compounds with 
Aluminium and Iron, which are used in calico printing and 
in dyeing generally. With Lead it forms lead acetate, an 
important salt, known also as Sugar of Lead. Then there 
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is Acetate of Copper, which is popularly known as Verdigris. 
Both of these substances are poisonous. 

In order to prepare the strong acid. Sodium Acetate is 
taken and distilled with Sulphuric Acid. By repeated 
cooling and distilling it is possible to get a very strong 
product. When wood is heated in retorts a large quantity 
of acetic acid of low strength comes over which, by the 
addition of soda, is converted into the acetate, which is 
then subjected to further distillation. 

Ethereal Salts are important bodies. Suppose that we 
add an acid like Sulphuric to Potassium or Sodium Hydrox- 
ide, we shall get a Sulphate of Potassium or Sodium, as the 
case may be. So also, taking ethyl alcohol, which is really a 
hydroxide, and treating it with acetic acid we get an ethyl 
salt, the acetate. So, too, with methyl alcohol. Possessing 
as they do fragrant and pleasant odours, these ethereal 
salts are responsible for many of those delightful perfumes 
which it is the object of the chemist to build up artificially 
for our use to-day. 

Soap is an interesting and well-known chemical compound . 
Let us take some tallow, a fat made up of glycerin and an acitl 
called Stearic. If we boil it up with caustic potash we get 
as products glycerin and an oily mass which is soap. There 
are two kinds, hard and soft. The former is made from 
caustic soda, the latter from caustic potash. 

Ethylene must now claim our attention. This gas which 
belongs to a distinct series of Hydrocarbons, has a number of 
derivatives like Methane. It is one of the products of the 
decomposition of coal when heated in retorts at the gas- 
works. Indeed, it gives to co^l-gas one of its main illumin- 
ating constituents, since it burns, itself, with a bright, 
though smoky flame. Thus it differs from Methane, for it 
contains twice as much Carbon, all of which is not burnt 
completely owing to limited combustion. A laboratory 
method of preparing it is to take alcohol and remove the 
water content by means of an agent like Sulphuric Acid. 
Sometimes this gas is called Olefiant Gas {oleum, oil ; fio, 
become, Lat.), since it combines with Chlorine and Bromine, 
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forming oily compounds such as Ethylene Chloride and 
Bromide, From these it is possible to get a number of 
compounds resembling sugar, in their sweetness, such as 
Glycol (Ethylene alcohol), and Glycerol (Glycerin), both 
colourless oily liquids whose names are Greek derivatives 
{ghikuSy sweet), thus giving a clue to one of their chief 
properties. 



CHAPTER XXI 


THE STORY OF CARBON COMPOUNDS— 


The humble Fire-woi*shippers of Baku, in Southern Russia, 
lowly pilgrims from India, falling clown in deep abasement 
before the EverlastingFire — ^how little did they dream of what 
those mysterious flames portended ! We know to-day — the 
rise of a great Industry I To-day in place of those jc-ts of 
flame which history tells us have ever darted up here and 
there above the surface of the ground, deep wells are sunk 
whence millions of gallons of crude oil arc yearly convoyed to 
the refineries. The Indians arc gone. Hardly one stone 
remains upon another of the temples where they worshipped 
the Eternal Fires, but the oil-wells of Russia and America, 
Burma and Hungary are centres of enormous commercial 
activity. For this is the age of Petroleum for Light and 
Power — and of Petrol, Crude Petroleum consists of hydro- 
carbons which on distillation yield a large number of 
different products. They all come under the head of 
what are known as " Paraffins.” In other words, they are 
hydrocarbons which are inert bodies, and are not affected 
by such agents as acids or oxidizing substances {parnm, 
little ; affinis, taking part in, Lat.). 

Some of these paraffins have already been noticed, such 
as Methane and Ethylene. They are gaseous, as also some 
of their derivatives such as Ethane, Butane, Propylene 
and others. There are also a large number of liquid products 
which may be separated and divided out according to their 
specific gravities or boiling-pomts. Among the lighter 
bodies are found Gasoline and Benzoline (benzine) with 
petrol. These have low boiling-points. Then there is 
Naphtha and a number of products used for illuminating 
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purposes — ^such as paraffin, kerosene, etc., all very useful 
substances in their way. Lubjicating oils of different 
kinds are also obtained, as well as some solid products such 
as paraffin wax, vaseline and others. 

Among organic compounds the vegetable or fruit acids 
have an important bearing on the economy of life. 

Tartaric Acid is found in the juice of the grape, generally 
in combination with potash, forming Potassium Tartrate 
or Cream of Tartar. When fermented juice is left for some 
time this substance separates out from the liquid and is 
deposited as a “ crust ” on the sides of bottles and casks. 
Tliis deposit increases by age, and thus the wine tends to 
become less acid. Year by year it matures, and its value 
increases accordingly. 

Tartaric Acid is found not only in grapes, but also in 
fruits of all kinds, and there is no doubt that their health- 
giving properties are largely due to the presence of such acid 
bodies as tartaric, citric and others of the same class. 

If a mixture of Tartaric Acid and Bicarbonate of Soda be 
dissolved in water, a tumultuous rush of gas in sparkling 
bubbles occurs, and the liquid becomes highly charged with 
Carbonic Acid gas. Such a mixture is known as Seidlitz 
Powder. It is a well laiown pharmaceutical product. 

Tartaric Acid forms a number of salts with Potassium, 
Sodium, etc., some of which are of importance. Thus with 
Potassium it forms what is known as “ Cream of Tartar,” 
and a mixture of Sodium and Potassium Tartrates is known 
as RocheUe Salt ; with Antimony and Potassium it forms 
Tartar Emetic. Another acid which is found naturally in 
plants, especially those of the Oxalis tribe, such as Wood 
Sorrel (oxalis acetosella), is"* Oxalic Acid. It is probably 
for this reason that animals leave these kinds of plants 
untouched. In the juice of fruits also we find the acid. 
Also in rhubarb leaves. In the late war a great many 
people cooked the leaves as well as the stems of this popular 
vegetable, forgetting that Oxalic Acid is a poison and that 
there is quite a large amount present in rhubarb, with the 
exception of the stems. 
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Citric Acid is extensively used in making lemonade. 
Although this acid is found in many kinds of fruit, j^et iis 
chief source is the juice of the lemon, h'rom tlii.s it isobtaini'd 
in the crj''stalline form which is soluble in wati r. 

Malic Acid derives its name fi'om the Latin maliiiii, an 
apple, its original source. Rhubarb, berries of t ho raountain- 
ash, and the juice of many other kinds of fruit arc the 
principal sources of this substance. 

We must now look at a very important compound of 
Carbon and Hydrogen, a hydrocarbon called Acetjdene, 
This useful gas, which is employed so extensively to-day 
both for illuminating purposes and together with Oxygen 
in the welding of iron, steel and other metals, is one of tlio 
products of the destructive distillation of coal, and as one 
of the constituents of coal-gas it contributes very much to 
its illuminating effects. 

In the intense heat of the electric furnace it is found that 
Lime and Carbon in the form of coke, etc., two very infusible 
substances, unite to form a greyish solid which has revolu- 
tionized the manufacture of Acetylene. IJy the simple 
action of water, the gas comes off quite easily, so that it 
can be produced in enormous quantities and with little 
trouble. The grey substance is called Calcium Carbide. 

One of the drawbacks to the use of Acetylene in private 
houses is its unpleasant smell, which resembles that of h.'eks 
or garlic. This is obviated to a great extent by good work- 
manship in the installation. Burning as it does, naturally, 
with a smoky though bright flame, it requires to be ignited 
in special burners when used for illuminating purposes. 
It is poisonous, and forms with copper an explosive com- 
pound. 

When Acetylene is heated it gives rise to a number of 
products which illustrate a very important principle in any 
extended study of organic substances. One of these products 
is Benzene, which is a hydrocarbon with important de- 
rivatives. Now its formula shows that although its molecular 
wei^t differs from that of Acetylene, yet it has the same 
percentage composition. Hence it is styled a Polymeric 



The Story of Carbon Compounds 233 

substance {poliis, many ; meros, part, Grk.). In the same 
way there are bodies which contain the same elements 
united in the same proportions and with identical molecular 
weights, yet th6y often differ from one another ; these are 
called Isomers {isos, equal ; meros, part). Thus Ammonium 
Cyanate if dissolved in water and heated is transformed into 
a substance called Urea, with exactly the same formula. 
Thus from Carbon, Oxygen, Nitrogen and Hydrogen, 
inorganic elements, Wohler formed an organic compound by 
purely artificial means. Even Acetylene can be made from 
Carbon and Hydrogen by means of the electric arc. By 
such methods was the barrier broken down between inorganic 
and organic bodies. And it led also to the conclusion that 
it is not so much a question of the atoms which enter into 
the composition of any particular body, as of the arrange- 
ment and the grouping of them to form a particular molecular 
structure which differentiates one compound from another. 
Carbohydrates, considered more fully later on (Chap, xxii), 
must be referred to here. 

Such bodies as Sugar in its various forms. Starch and 
Cellulose, come under this head, and will be now briefly 
considered. The term applied to these substances is some- 
what misleading. They consist of Carbon, Hydrogen and 
Oxygen, the two latter united in the same proportion as in 
the case of water. Thus starch has double the number of 
Hydrogen atoms as of Oxygen in its composition. But the 
rule is not absolute, and there are anomalies which have to 
be considered. 

Cane Sugar is found in the sugar cane, honey, sugar 
maple, beet, etc. As prepared from the cane, the juice 
is crushed out by rollers an3, after the addition of a little 
lime, it is boiled in vacuum pans, filtered and evaporated 
down until it crystallizes out. This constitutes brown 
sugar. On further evaporation and crystallization, treacle 
is obtained, which is further refined. The process is sim- 
plified by use of centrifugal machines which throw out the 
liquid and leave the crystalline mass behind. This is again 
dissolved in water and filtered through ch.arcoal to remove 
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colouring matter. It is then evaporated down arain in 
vacuum pans under reduced pressure anrl run inio moulds 
or simply dried. If cane sugar be healed it l)i mini s con- 
verted into Caramel. It belongs to the mono-clinic. Hy.steni 
of crystals. 

The manufacture of sugar from the bc(it has been carric:(l 
on for many years on the Continent, but it has not been 
taken in hand to any great extent in England. The procc.ss 
of extraction is not quite the same as obtains in cane sugar. 
The beetroot after having been sliced is susp( nded in water 
into which fresh slices are continually introduced so that the 
solution gradually becomes richer in sugar, which passes 
through the cellular structure of the beet by diffusion. 
Then lime is added, and after filtration and evaporation, the 
sugar is refined by charcoal and then boiled down in vacuum 
pans, and crystallized out by centrifugal force. 

During the late war attention was directed to the sugar- 
beet, and attempts were made to obtain a .S3''rup from it for 
domestic purposes. It was quickly seen that the extraction 
of a solid product was out of the question, since the process 
is highly technical and requires special machinery in order 
to carry it out. However, syrup was made, and in some 
cases a crude form of crystal sugar. It was used for sweeten- 
ing purposes on a somewhat large scale. But only about 
5 per cent of sugar in any form was obtained from the root, 
and it is questionable whether the results obtained justify all 
the time and labour required to be expended on the process 
of extraction. 

Sugar of Milk or Lactose is a form of sugar found in milk. 
If the liquid portion of so-called “ junket," the “ whey ” 
as it is termed, be evaporated*down we get Lactose in the 
crystalline state. It is less sweet than ordinary sugar. 
Now, when milk "turns” or becomes sour, the sugar 
contained in it, by the actions of germs, becomes converted 
into Lactic Acid. This causes the milk to " curdle ” bj' 
precipitating the albuminous substance in it, called Casein. 
This is the first step in making cheese. 

Suppose that we take some barley and allow it to ger- 
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minate in the presence of water, and then dry it ofif. It will 
be found to contain an enzyme called Diastase, which is a 
powerful agent of fermentation. It has the power of con- 
verting starch into Maltose and another substance called 
Dextrin. This substance. Maltose, it will be noticed, is a 
sugar having the same formula as Sugar of Milk, and, like it, 
is not so sweet as sugar obtained from the cane. 

Glucose or Grape Sugar is found in a natural state in many 
fruits, especially in the grape. If a raisin be opened a number 
of white crystalline granules will be seen within. These 
consist of grape sugar. When honey is allowed to stand for 
some time, a crystalline substance separates out which is 
identical with grape sugar. In many kinds of fruit, as the 
ripening process goes on, they become less sour, and when 
mature contain a quantity of Glucose 
mixed with Fructose, which is another 
fruit sugar. In the case of a fruit hke the 
greengage, the sugar content is high, but 
often, as in the apple, there is stiU a little 
acid left, and this renders the fruit 
refreshing to the palate. 

Starch is a familiar substance found in 
potatoes, grain of all kinds, in various 
fruits, etc., and is formed by plants by assimilating 
Carbon Dioxide and water under the action of sunlight. 
It consists of little granules or grains, and these are 
found in a number of different forms. In Chap, xxili. 
Fig. 115, are depicted grains of Potato Stai'ch. In the 
annexed diagram (Fig. 104) are seen the angular grains of 
Rice Starch. When heated in water these little grains 
burst asunder and we get a tlnck solution which is known as 
Starch Paste. Since ordinary wheaten Flour contains 
over 60 per cent of Starch, excellent paste can be made from 
this material. 

If Starch be heated to about 150® or treated with a 
dilute acid such as Hydrochloric, it is converted into 
an isomeric Substance called Dextrin. This is soluble 
in water and may be used in the place of gum. Now, 
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if this solution be boiled mth Sulphuric Acid, it is 
converted into glucose which, as wo have aln-ady seen, 
is contained in the juice of fruits. Large <iuaniitifs of this 
form of sugar arc manufactured from potato stsirch. 'I’lie 
acid is removed by lime and the licpiid fillored and boilisd 
down to a synip or to a solid (grape sugar). In the manu- 
facture of jam, large quantities of this ^yrup are used for 
sweetening purposes. It is also used in the process of silver- 
ing mirrors, since it reduces the salts of silver. And we have 
seen that if it undergoes fermentation it is iron\'erti'd into 
Alcohol. Since glucose can be obtained from numerous 
substances .such as paper, woody fibre, rag.s, cotton, etc., tin) 
production of sugar, and consequently rd Alcohol, is not 
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confined to merely one or two sources. A very dclicaki test 
for the presence of starch is that afforded by Iodine. I f tf) a 
little starch paste a few drops of an alcoholic tincture of 
Iodine he added, a blue colouration will show the presence 
of the carbohydrate. The same test may be applied to 
leaves which only manufacture starch by the assimilation 
of Carbon in the presence of light. Hence if part of a loaf 
be covered with a design (Fig. 105) and left for twenty-four 
hours, the Iodine test will reveal the presence of starch only 
in the exposed portion of the leaf. Hence a silhouette of the 
cross or any other figure wiU be obtained. 

If we examine with the microscope the vegetable tissue 
of any plant we shall find it to be composed of a number 
of little cells (Fig. 106) separated from one another by 
divisions or cell walls which consist of what is known as 
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Cellulose. If we take some of this tissue in the form of 
saw-dust or any woody fibre and remove the impurities 
by the use of suitable solvents, it is possible to obtain a 
colourless material which is pure cellulose. Cotton wool, 
flax, etc. are good examples of this substance which is 
largely used for textile purposes of every kind. 

Enormous quantities of wood pulp, consisting mainly of 
cellulose, are imported from Sweden and Norway, and used 
for the manufacture of paper. One of the great London 
Dailies obtains its own supply direct from the forests of 
Newfoundland. Artificial silk, parchment paper (paper 
treated with Sulphuric Acid), celluloid, photographic 
films and many other products are all cellulose in one form 
or another. It may also be converted into dextrin and 
glucose, and from thence into alcohol as we have seen, so 
that there is no end to the scope of its application. Nor 
must we forget its use in the manufacture of Gun-cotton 
(Chap. xxiv). 

We have seen that the old distinction between Inorganic 
and Organic Chemistry has broken down by reason of the 
fact that so many purely organic bodies are now made 
artificially from inorganic elements. This is the age of 
Synthetic Products, and in Industrial Chemistry the effect 
has been very great. We may not, as Sir William Crookes 
once said, achieve S3mthetic beef or synthetic mutton, but 
as soon as Berthelot, the great French chemist, and Wohler 
set the ball rolling, the number of these artificial substances, 
dyes, drugs, foods of all kinds, sugars, perfumes and what 
not, increased yearly. In this section some synthetic drugs 
will be noticed. The dwarf evergreen plant known as 
Winter Green (Gaultheria procumbens) contains an essential 
oil in which Salicylic Acid is found in the form of Methyl 
Salicylate, an ethereal salt. By treating the oil with caustic 
potash artificial salicylic acid results. There arc also other 
ways of producing it from purely inorganic elements. It 
is used as an antiseptic and is useful in rheumatism. A 
drug closely allied to it is Aspirin. Then there is Salol, also 
used as an antiseptic. 
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Veronal is a well known soporific, and Snlphoual is also 
used for the same purpose. 

Phenacetin and Antifcbrin are otlior inodern drugs 
extensively used in medicine. They arc urtifici:!l products. 

When we purchase all these artificial ilru"s and all those 
dainty pharmaceutical preparations wliich fijrm a large 
part of the stock of modern chemists to-day, we must 
remember that they ai*c the fruits of laljoiir and toil in unseen 
laboratories, by men who wrest from Nature herst.lf secrets 
long guarded. From all kinds of unlikely smirces there 
come triumphs of modern cheuiisiry, transformalions 
brought about by that wou'krfu! pioecss oalUd choinical 
change. 

Menthol is allied to camphor and nccuis iialuiiilly in oil 
of peppermint. It can be. .-jyiuhel ici'lly pn {i.in cl. 

There are some Alkaloids wldcJi we will now c.on.'ider. 
They are found in plants and are alkaline in ciiaracler, hwice 
their name. 

Quinine is a valuable drug obtained from the Ciiioliniia, 
and forms a number of salts .such as thoSiilplialti, Myilro- 
chloridc, etc., with acids. If one atom of O.'i.j'gnii b(! tala n 
away we got what is known as Cinchonine, wliich is a niilrh-r 
form of Quinine. 

Morphine is an alkaloid of Opium, and is tin. iiKisl iu tivi; 
and the most valuable of all the diffi-Tont kinds which may 
be obtained from the jtiice of the poppy. 'Hie hydrochlorale 
is known as Morphia. Codeine is a dcrivat ivt* of M orphine. 

Cocaine is a very dangerous drug. 'I hi,s alkaloid, which 
has of late years acquired an unenvinble reputation, is 
found in the leaves of Erytliroxylon Coca. Jl fonu,s a sail 
with Hydrochloric Acid, and tfiis is what is n.sually employed 
in medicine. It is curious that an artificial product has been 
obtained whose physiological action is almost nil. 

The little bush with its white flowers and bright green 
leaves, native of Bolivia and Peru, has been famous since 
remote times for the effect which its leaves have on the 
system. Chewed or infused like tea, the aboriginal Indians 
found in it a source of gentle excitement, a retarding of the 
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pangs of hunger, prevention of breathlessness in climbing 
hilis, and a source of nervous energy. The active principle 
which can be dissolved out from the leaves in crystalline 
form is contained in an apparently harmless white powder 
which has figured so prominently in many a cause ceUbre 
during the last few years. Stringent rules now regulate its 
sale, and a doctor's prescription is absolutely necessary 
before this dangerous alkaloid, which is useful as a local 
aniesthetic and in other ways, can be obtained. 

The leaf of another plant, Nicotiana tabacum, contains 
as the active principle Nicotine, an oily acrid poisonous 
liquid. A single drop is said to be fatal to a dog. Different 
tobaccos contain varying amounts of the alkaloid. It is 
present in the smoke from pipe or cigarette, but of course in 
very small quantity. 

Strychnine is obtained from Nux Vomica and is one of 
the most poisonous of all the alkaloids. It is, however, 
extensively used in medicine, but only in infinitesimal doses. 



CHAPTER XKll 


CHEMISTRY IN DAILY Lii*iC 

In Chapter vi we gave some account of i\\c. air which wc 
breathe into our lungs every moment of our lives, iiiul 
saw that it was a mixture of various gases : of ( lu‘S(‘ Iht^ chief 
constituents are Oxygen, Nitrogen and Carljon idoxicie in 
the proportions of 20*95, 79*02, and 0*04 volumes per cent 
respectively. And of these Oxygen is the v iial (.‘Icnunt ])oth 
for ourselves and for all animal life. The Nitrogen diluLes 
the more active gas, but it docs not appear that it plays 
any further part in respiration. 

The Oxygen of the air enters the blood through llie lungs, 
those sponge-like organs which lie one on each side of the 
thorax or chest. They are composed of countless nii miners 
of cellular cavities or air-sacs joined up by an enormims 
number of capillaides or hair-like vessels. Thus the Oxygen 
reaches the blood in the quickest and at the same time in the 
most complete manner possible, by the alternate expansion 
and contraction of the chest. On an average the amount 
of air drawn in and expired from the lungs in ordinary 
respiration amounts to about eighteen pints per minute, 
though it, of course, varies. When wc take cx excise, walk- 
ing, running, swimming and the like, wc make a greater 
demand upon our tissues, and Nature responds by causing 
us to breathe faster. 

The blood is a very important factor in respiration. Hie 
way in which it performs its functions is very wcmdcrfiil. 

If we examine a drop of blood under the microscope (the 
more powerful the better), we shall find that it consists of a 
fluid, pale in colour, called the Plasma, in which float an 
enormous number of tiny little corpuscles, red and white. 
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These are so small and so minute, that though the white 
are a little bigger, the diameter of the red is only about 
iru'outh inch. In one drop there are countless numbers, and 
it is these little red bodies which give to blood its character- 
is tic colour. They are round in shape, but slightly contracted 
in the middle, and have a tendency to join up to one another 
like a pile or column of coins or counters (Fig. 107). There 
are not so many white corpuscles in the blood as there are 
red, and their appearance is different, for they are trans- 
parent bodies with little dark nuclei floating in them (Fig. 
108) . The colour of the red corpuscles is due to a particular 
substance known as Flremoglobin, which plays a very 
important part in respiration. It is able to combine with 
the Oxygen which we breathe into our lungs, just as we know 
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that iron can combine or any other body to form an oxide. 
In this case the compound formed is known as oxy-haemo- 
globin. And it is this oxidized blood which eventually 
reaches the tissues and other parts of the body. Thus the 
red corpuscles are the carriers of the gas. 

When the blood has given up its Oxygen, it at once 
becomes darker in colour as we see it in the veins. The 
oxy-hsemoglobin has been reduced, and only recovers its 
power of combming with Oxygen when it has passed through 
the veins to the heart and from thence to the lungs once 
more. In the arteries, the bright red colour of the blood 
indicates that the Oxygen has not yet begun its work. 
When it has been carried along the life-stream to the tissues, 
etc., then its function begins. Now, when the Oxygen 
combines with the tissues of the body, a certain amount of 
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heat is developed, and it is this heat which helps to keep 
our bodies warm, .ccenerally at a bt-lween 

98° and 99"^ F. As lUo tissues hum (ii* v.*c may so use 

the expression) just li!^e a piece of wo(jd iu a ^^ralr, their 
potential energy appears partly in this form of Iransfor- 
mation, and partly in the form of work. 

The Carbon in the tissues, when it coinhines with Oxygen, 
forms a waste product. Carbon l)ioxide, ar.d this gas is 
given out in our breath when we expire, i he limr-waivr 
test (Chap, vii) is a proof of this. And tlu^ action is aJways 
going on. The body is always wasting^ (hnrning) awa}' and 
therefore requires constant renevml (d iis piirls. Dues not 
the fire burn low in our grates widi diininisliing heat if we 
do not supply it at intervals with coal or oth.rr fuel ? So, 
too, wc must ever be inhaling Oxj^gen and taking iu food 
of various kinds in order to countenict the iL str:;<'ti( »u which 
is always going on, and to pnj vent tlinse inevii-'Me con- 
sequences of any neglect — cold, deatli. 

In the light of all this, it is not suiqnhdng dial the air 
exhaled from our bodies is found to lia\'e lost a consi<lerable 
percentage of its Ox5^gcn, At first it contained eoT/i 
volumes per cent. On expiration this drops to al^out 
16 volumes per cent. At the same linn* it gains more 
Carbon Dioxide, about 4 per cent as compared with -04. 
There is also a certain amount of aqueous vapour present, 
the result of some of the Ox^’^gen combining with the 
Hydrogen of the tissues (for besides Carbon they are made 
up of Hydrogen and Nitrogen)* On any frosty day, or when 
we direct our breath upon a piece of cold glass, we cun provii 
the presence of this moisture. The amount of Carbon 
Dioxide exhaled varies with the amount of work perfonni,‘d 
by the muscles and other tissues. The greater the oxidation 
which is necessary to repair the waste, the greater t he amount 
of the gas expired. There are between twenty-seven and 
twenty-eight pounds of Carbon in every hundred pounds 
of the gas, and it is interesting to know that the human 
system gives out in the twenty-four hours half a pound or 
more of solid Carbon in the form of gas. 
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Ventilation is important in the light of these facts. It 
is estimated that every person should have at least looo 
cubic feet of space in any room for respiration purposes. 
Besides Carbon Idoxide, which affects the chemical purity 
of the air, there is in badly ventilated rooms heat and 
tnoisture which together with the stagnant air render the 
atmosphere unhealthy, and produce evil effects on the 
nervous system. And it is the opinion of a great many 
physiologists to-day that the condition of the air, looked at 
from a strictly chemical point of view, is not more important 
than those conditions which are associated with its tem- 
perature, degree of moisture, smell, etc. As far as an excess 
of Carbonic Acid is concerned, we know that a proportion 
greatly in excess of that usually laid down (about 9 parts 
per 1000) has not proved deleterious. Be that as it may, 
the necessity for adequate ventilation is not lessened by this 
theory or that which may be advanced in order to account 
for certain indisputable facts which themselves are not 
a question of argument. 

Many and elabox-ate are the devices by which the purifica- 
tion aixd renewal of the air are attained by mechanical 
means and otherwise. From a chemical point of view it is 
interesting to glance at one of the latest methods of purifying 
air. Its underlying principle is the utilisation of Ozone, 
that curious allotropic modification of Oxj^gen-gas, whose 
molecule consists of tlmee, instead of two atoms of Oxygen, 
One of these is ready to fly off at the least provocation ; 
it splits of£ as it were and then enters into combination with 
other bodies, pi'oducing strong oxidation effects. Hence it 
has the property of desti'oying all kinds of harmful organic 
matter which is so often present in the atmosphere. This 
accounts for the purity of country air. Its utilisation in 
Hygiene and for industrial purposes is becoming inci-easingly 
prevalent. Some interesting particulars of the use of Ozone 
for pure air ventilation furnished by Ozonair, Ltd., who 
manufacture apparatus for the production of Ozone for 
commercial purposes of all kinds, are here given. 

It has been shovvm (Chap, vi) that Ozone can be produced by 
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electrical inelhcHls on tli*'' prinriijli^ of v*]i;i1 is known as the 
silent discharge. In the n/on,* geiiei Ctiois. of <knji]^;iny, 
atniospliciic air is subjecU-il to ilio n<“!irni of en nlo rnaiing 
current of elcdricity between eit'cirofk s of il;n sheitSs of 
gauze consisting of a special adlu}*. and separated fioiu (mt* 
another by an insulating chek ctric or niedinni spet'ially 
prepared material. This yields a comj>ar;stlvi‘ly large 
amount of Ozone at a \'oi(agt‘ wldrh zv. nl i:ot exceed nine 
thousand in the higlust (’oaeent raliiais. Si nee diere an‘ no 
chemicals usi-d, and a supply of elernieiiK is in i licse modern 
days obtainable almost everywhert , the use ( )::one ior the 
purpose of venUlatic)n, water ])tirirK'aiion, iletulurirhig, etc., 
both for public and private ]nn po^es, is d.t eidt diy on tin' 
increase. Let us sec how tlie system works, say, in tlte case 


of a hall or other public building, or any larg’c 

O rooin. 

hi the diagram (Mg. iiu; the an anjymieut is 
as follows . — 

Air enters at A, os <-K‘an and pure as possible, 
and is then wtished and lillered b^^ sprays of 
Fig ro W, and a liUering sen^‘*n, F, thus reinov- 

A Sparklet from it all delft ei'huis gaSeS. It tlien ]Xisses 


into the fan mixing chamber, .M, (ainm clc'd U]) 


to a motor, IL Here it is purified by the addition of a sanall 


quantity of Ozone which is pi'odnced in the gentTator^O, of 
which T is the transformer, and conveyed to M by llu^ pipe 


P. It is then discharged at I), It is pos>ible to arrange; so 
that the washer or screen is able to cord the air by many 


degrees, and for the purpose of warming it, a coil or radiator 
heated by low-pressure steam or hot watiT is fixed before 
the washer or filter .screen. The Central London Railway 
have, in twelve stations, in the aggrt^gate, over one imndred 
million cubic feet of cleaned and fiurified air introduced 
into them daily. This is one of the largest installations. 
Further details of the modern applications of Ozone are 
given in the last chapter. 

Water, Hard and Soft, is another important factor in our 
daily life. As it percolates through the different strata of 
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the earth it is found to contain a large number of substances 
in the state of solution. Among these are the various salts 
of Magnesium and Calcium, Potassium, etc. Let us direct 
our attention to Calcium. In the form of Carbonate we 
find it in chalk, limestone, marble, etc., everywhere. Water 
cannot, of itself, take up into solution this salt ; but there is 
generally a little Carbonic Acid in solution which seizes 
hold of the Carbonate and forms the bicarbonate which is 
soluble. Now if we use soap with such water we find a 
difficulty in getting a good lather, and for domestic purposes 
it often leads to inconvenience. The soap forms with the 
Calcium Salt an insoluble Calcium Stearate, and a lather 
is only produced when all the Calcium has thus reacted. 
This takes time, and patience is not always unlimited. 

The remedy is to use boiled water only in such cases. 
Then the excess of Carbonic Acid is driven off, and the 
insoluble carbonate is deposited in the kettle as “ fur," anc 
the water which before was temporarily hard is softened and 
fit for domestic use. Water which contains in solution Salts 
of Calcium and Magnesium as Sulphates is permanently 
hard, and cannot be softened by boiling. On a large scale 
lime is added to hard water, and the bicarbonate present is 
reduced to the soluble carbonate. Common soda is also used 
to augment the boiling of water in household use. 

Let us now look at the question of Food. We take food 
every day for two reasons : (i) to help to keep our bodily heat 
and to repair the waste going on, and (2) to supply energy 
or power of doing work. All food contains Carbon and 
Hydrogen, and some contains Nitrogen. This last is classed 
under the head of Proteins, while the two fonner come 
under the head of Carbohydrates and Fats, 

Proteins are complex nitrogenous substances of albumin- 
ous nature. They form the principal material of Protoplasm, 
that wonderful substance which is the base of all life. They 
constitute the flesh-forming portion of our food. They are 
found in both animal and vegetable foods, in white of egg, in 
blood and tissues, in meat and bread, etc. 

Carbohydrates include Sugar, Starch and Cellulose, 
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which comprises much of the solid matter of vegetables, the 
outer skin of the wheat grain and of fruit. 

Fats are contained in animal food, some fish, and in certain 
vegetables. These with carbo!i5’drates are (ssenlially heat 
and energy-giving foods. Let us examine .some samples 
of ordinary food and test their values. We will begin with 
bread. 

White flour is made from the interior of the wheat grain 
(endosperm, chiefly starch) and contains mrirc carbohydrates 
but less fat than wiiolo-mcal flour made from the entire 
grain minus the “ Imsk ” or bran. It ronmins less proteins 
and is less nourishing. Moreover, ihost; wmu'rrful con- 
stituents called “ vitamincs ” which by their nutritious 
influence play so important a part in whole-meal bread are 
absent in that highly rt'fincd flour which is so j)opvilar with 
all cla.sse.s. Standard bread is excellent. So al.v) is Ilovis. 

Flour mixed with water forms floiigh, which owes its 
stickiness to a protein (Gluten). Yeast converts the slarcli 
into sugar, akohol and carbonic acid. Gn baking, the 
alcohol escapes, and the gas aerates the whole mass, making 
it light and .spongy. Baking powder acts in (ho same 
way. 

Oatmeal, whose protein content is higher than wheat 
flour, is very nourishing. Since it lacks gluten it cannot be 
made into bread. 

Rice is very deficient in proteins, but its starch content is 
high. “ Unpolished ” rice, which contains most of tlu; 
vitanxines, is the most nourishing. Here again the demand 
for something highly refined docs not coincide with the les.s 
popular but more nutritious form of this cc;rcal. 

Peas, Beans, Lentils are all very nutritious since they 
contain so much protein (double that of wheat). The 
starch content is high. 

Potatoes contain about 75 per cent of water and arc very 
deficient in proteins, but are fairly rich in carbohydrates — 
about 20 per cent. They are a useful food, but not very 
nourishing. They are, perhaps, the best food in comparison 
with green vegetables which contain so much water and 
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indigestible cellulose. These, jioweVer, with Fruit contain 
useful and pleasant salts which are good for the health. 

Sugar is very sustaining and heat-producing, since its 
percentage of carbohydrates is so high. It is not nourishing 

Meat is very rich in proteins or nitrogenous food, but it 
contains so much water, 75 per cent, that it is not ■^^ry 
economical in cooking, 15 to 20 per cent being lost in 
this way. Boiling, steaming and grilling are the least ex 
travagant. Beef-tea is not very nourishing. Its proteins 
are all converted into gelatine, which is not a food, but for 
invalids it is stimulating and appetising. 

Fish is a nourishing food, and in the case of salmon and 
herrings there is plenty of fat with a corresponding supply of 
energy. 

Eggs are very nourishing. The " white ” is mostly 
protein, and the yolk fat. They are quite equal to good fat 
beef. 

Cheese is an excellent nutritious food, and superior to 
beef. Made from curds, it is rich in proteins and fats. 
With bread, supplying the necessary carbohydrates, it forms 
an admirable food, giving three times as much energy as 
beef. 

Milk contains plenty of fat, carbohydrates and protein, 
but the water content is high, over 85 per cent, so that 
it is not a very concentrated food although an excellent 
one. If allowed to stand the fat rises to the top as Cream. 
Rennet causes it to curdle, forming “ curds and whey.” The 
former contains most of the protein (casein) and fat, the 
latter the carbohydrates, milk sugar (lactose). Certain 
micro-organisms turn milk sour and precipitate the casein. 

Butter results fi'om " churning ” milk. The fat collects 
into me mass, and the protein is left behind with most of the 
carbohydrates. Here again, bread, deficient in fat, but rich 
in protein and carbohydrates, is the natural accompaniment. 

Aerated Waters are very popular with all classes. These 
comprise Soda-water, Ginger-beer, Lemonade, etc. They 
all contain Carbon Dioxide in excess of its ordinary solubility, 
which is not high. The gas is therefore forced into the water. 
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previously flavoured, by 'increasing the pressure to as much 
as eight or more atmospheres. When this is removed on 
opening the bottle, the gas escapes, and tlu* liquid :i{)|“u*:irs 
to boil. A handy way of making soda~\valt‘r is by Ihe idd 
of so-called ''Sparklets,** little steel vtssi-ls cvuiiaiiiing 
liquid Carbon Dioxide. \Mien fixed in llif; tc^p of a hot Ur, 
they aerate the liquid on perforation cjf the cover, d'he gas 



Fig. 110. VKNTir.A.TroN of a I\N>om ijv Cizonf. 

I5y permission uf Messrs. Ozt>n;iir, Li*i. 

W Fresh air. S Switchbonrd. 

A Water .s]>ray<5. O ( >/.nnc jjfi-iK'rator. 

F Air screen. P Oi^oiu* ^ipe. 

M Mixing chamber and fan. T 'I'r.in', former. 

E Electric motor. V Air 

escapes and under its own prCv/sure is forced to dissolve in 

the liquid (Fig. 109). 

Welsbach Gas Mantles are familiar to us in the lighting of 
our homes. This method of illumination was the outcome 
of investigations by Baron Von Welsbach into the naturi! of 
the rare elements Cerium, Lanthanum, etc., found in Mona- 
zite sand, which contains Thorium and Cerium, and in other 
bodies. Taking a piece of cambric and soaking it in a 
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solution of Thorium Salts with i per cent of Cerium^ he 
suspended it in the flame of a Bunsen-burner, obtaining 
thereby a brilliant light. The proportion of Cerium is very 
small, but of vital importance, since without it the oxide of 
thorium used does not become luminous. It is one of those 
instances in chemistry where the addition of a very small 
quantity of a particular substance seems to transform 
entirely the properties of another. 

To-day the mantles, which have revolutionized the gas 
industry, are made from cotton or ramie thread fashioned 
into the required shape and then dipped into the illuminating 
mixture. The salts are afterwards burned off with the 
organic matter of the mantles, and 
the resultant ash is hardened and 
varnished. 

Another interesting application of 
Cerium lies in its property of producing 
sparks. It was found by Baron Wels- 
bach that an alloy of this metal with 
Iron, or better still. Aluminium and 
Magnesium could be utilized for the 
purpose of lighting cigars, cigarettes, 
and even gas. They can be obtained Fig.ih.SmallExperi- 
in tobacconists shops. The waste 
products in the mantle industry are used for this 
purpose. 

Electrical Accumulators are also employed for lighting 
purposes. They are extensively used to-day for lighting 
motor-cars, for household use, in pocket form and in other 
ways. The action inside these cells is a chemical one, and 
is a good illustration of the transformation of energy. No 
electricity is stored up. Take the case of a simple cell. It 
consists of two lead plates, one of which is coated with Lead 
Oxide (positive) and the other with Spongy Lead (negative) 
of a porous nature, immersed in strong Sulphuric Acid in a 
glass or ebonite case (Fig. in). In order to increase the 
quantity of the active material and to prevent it from falling 
out, the plates are cast in the form of grids. The cell is 
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"charged,” as in Electrolysis, by passing a current of 
electricity through it. The Lead Oxide on the anode (+) 
is oxidized to Lead Peroxide by the Oxygen ions, wlnl'' the 
spongy lead on the cathode ( — ) is de-oxidized by the Hydro- 
gen ions. When the operation is completed a current of 
electricity may be obtained, on joining up the circuit, 
through chemical action. This current continues until the 
two plates resume their normal condition ; tlnrs electrical 
energy is transformed into chemical, and this again recon- 
verted to electrical by this interesting form of battery. 

The beautiful dyes which, as we have seen in a previous 
chapter {Chap, xxii), are obtained from a very anal traciiv'e 
source, coal-tar, are used for many purposes. Tiieir success- 



Fig. 1 1 2. Luminosity Curve in 21: h i-i'i.frcuT *.t 
OF White Lioin* 


ful employment in modem photographic practice is one of 
the interesting features of Applied Chomistr}' to-day. 

It is necessary in photographing coloured scenes and 
objects that all the different colours, as far as possible, 
should be translated into monochrome in their correct 
relative value. The ordinary plate is too sensitive to the 
ultra-violet, violet and blue rays of the spectrum, while the 
yellow and red rays affect it but little (Fig. 112). YelIow.s, 
reds, yellow-greens are depietdU too dark, blues and violct.s 
too light. Colours are not recorded in term.s of their lumino.s- 
ity. For all classes of work, landscapes, portraiture, copying 
of pictures, flower photography, a truthful representation 
in monochrome of all the light values cannot be obtained 
without some form of correction. 

Some of the coal-tar dyes such as Eosin, Erythrosin, 
Cyanin, etc., when incorporated with the emulsion give 
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sensitiveness to the more luminous parts of the spectrum. 
Such plates are known as ortho-chromatic {orthos, correct ; 
chroma, colour, Grk.). They require, however, a compensat- 
ing yellow screen, since they are still too sensitive to blues 
and violets. 

Such plates, although they give a much better rendering 
than ordinary plates, cannot be said to be truly ortho- 
chromatic ; cannot, in fact, give an exact colour rendering 
of general objects since they are comparatively insensitive to 
the red end of the spectrum. We want a green and red 
sensitive plate recording all the colours of the spectrum in 
their correct value. Such plates are called panchromatic 
(pan, all, Grk.). The Kodak Company, who have kindly 
supplied me with much information on this subject, claim 
that their Wratten panchromatic plate in conjunction with 
their standard K Filters (Ki, Kc and K3) give a perfect 
rendering of objects with all the colours in their correct 
relative value in monochrome. And there is no doubt that 
in this way an excellent correction can be made of the faults 
to which the ordinary plate is subject. For the proper 
development of these colour-sensitive plates special '' safe- 
lights " must be used in the dark-room. A green light 
(Series 3) is recommended. Wlien the light is very faint it 
appears that the middle of the green is by far the brightest. 
There is no difficulty in working with this colour. 

Judging from the number of light filters prepared from 
special dyes, particulars of which have been given me by the 
Kodak Company, there would appear to be a filter for every 
conceivable pui'pose. Some are used in purely scientific 
work as in colour investigation, some in photomicrography 
to secure contrast with objects like bacteria, etc., previously 
stained in order to differentiate their structure. Then, too, 
we find them used as selective filters in Colour Photography, 
and also for monochromatic work — ^transmitting special 
bands of the spectrum. The gain to photography alone from 
coal-tar dyes is very great. 



CHAPTER XXIII 


CHEMISTRY AND PLANT LIFE IN FIELD AND GARDEN 

The humblest plant which grows in wayside lieclgcs, the 
stateliest trees of woods and forests, are living orgnnisms 
with functions and duties corresponding in many ways 
to those of animals and human beings. Such functions as 
growth and the capability of assimilating food and nf>urjsli- 
ment from outside sources are instances. Even 1 1 le humblest 
and minutest plants, tiny one-cclled bodit*s like the AlgtX*, 
with little differentiation of structure, all perform in their 
way vegetative and reproductive functions. In all organism.s, 
that mysterious jelly-like substance protoplasm is the living 
basis of the cells. It is composed of tlu^ elements ('arbon. 
Oxygen, Nitrogen, etc., and is highly comi)lex in its nature, 
chemically corresponding to albumen or white of egg. It is 
a soft mass and varies in consistency according to the amount 
of water present, and although we cannot say that to plants 
belongs the same capacity of movement such as we see 
in higher types of life, yet even in them there are to be 
observed, if we carefully look for them, certain powers of 
movement often minute and subtle. 

The circulation of protoplasm in cells, the response of 
leaves and tendrils to natural and artificial stimulation such 
as we see in the clover, the sfindew and the common pea 
are instances ] so, too, in flowers which open and close their 
petals at stated times. 

Speaking generally, plants are organisms which are 
unable to change their positions, and thus wc find them 
exhibiting marvellous powers of adaptation in order that 
they may correspond to their environment. And this 
especially in the case with regard to food and nourishment. 
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In animals the power of locomotion is veiy great ; they can 
wander whither they will in search of food, but plants are 
fixed. Herein lies the difference. From whence are they 
to obtain their food supplies, how best procure their share 
of light and air ? Such questions as these are of vital 
importance to the plant itself, and of fascinating interest to 
lovers of plant life. 

From whence, then, does a plant obtain its food, those 
inorganic raw materials which a wonderful mechanism 
reduces to simpler forms ? From the air, from water and 
from the soil. These are the sources from which the plant 
builds up its wonderful structure, making use of such elements 
as Carbon, Hydrogen, Oxygen, Nitrogen and others. As 
we might suppose, the plant assimilates its nourishment 
in a way different from that of animals or human beings. 
Yet, as we shall see later, there are some plants which, by 
reason of certain modifications of form, obtain their food 
from living nitrogenous matter, and actually digest it. 
They secrete a form of gastric juice similar to that found in 
the human stomach. Such plants are known as Carnivorous. 

Let us look now at the three sources of food we have 
mentioned, and note the wonderful way in which a plant 
manufactures, as it were, its organic food in the living 
laboratory by chemical change. 

Unlike the members of the Animal Kingdom, the plant 
can only assimilate its food either in the state of solution 
or in a gaseous form. It cannot take solid food. The 
mechanism it employs is one of the marvels of plant life. 
We will take the air as the first source of food and examine 
it somewhat in detail. 

It has been stated in a pre'Pious chapter (Chap, vi) that the 
air we breathe has for one of its ingredients a small quantity 
of Carbon Dioxide-gas, and it is this gas which is the source 
of all the solid material of the plant. The mechanism 
whereby the gas is decomposed into its constituents, Carbon 
and Oxygen (for the gas must be split up before the plant 
can make use of it), lies in the leaves. They take this gas, 
poisonous to aU animal life, and decomposing.it take up the 
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Carbon and return the Oxygen to the air. But this only 
in daylight ; and it is the sun with its buipTicent ra3^s which 
is the chief agent governing the action. It supplies the 
Energy b}^ which the loavi s perform Iheir wonderful Uisk. 

A leaf highly magnified will disclose not onlj^ a, large 
number of cells but also thousands of little open mouths 
called Stomata, provided with movable lips. Through these 



Fig. 1 1 3. UNDiaR Sukfack op ^ Ckaf, siiowimg Stomata 
Highly magniac'd. 


the air in the daylight hours circulates freely, carrying with 
it the Carbon Dioxide into the cellular divisions (Fig. 113). 

Now, besides the protoplasm which is the constituent of 
each individual cell, there is one important substance who.se 
function it is to utilise the light rays and turn them into 
food. This substance is Chlorophyll, a green colouring 
matter present in the cells. For the most part it consists 
of small particles or grains, and the green of most plants is 
due to its presence — ^without it a plant cannot obtain food 
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from purely inorganic compounds: Non-green organisms 
like the fungi, mildew and others, find their food in other 
ways, as for instance, from dead organic matter. 

If a sokUion of Chlorophyll in alcohol be examined by the 
aid of the Spectroscope, there will be seen, in place of the 
red region of the ordinary spectrum, a dark band with 
paler bands in the gi“een and yellow regions. All the rest of 
the spectrum is blotted out in the blue and violet — or 
nearly so. This dark band is called the Absorption Spectrum 
of Chlorophyll (Fig. 114). 

Now, the same action goes on in the living cell. Certain 
rays are absorbed by the plant, and the little green grains 
provide the energy i^equired for the formation of food when 
the light strikes them. It is a wonderful provision of Nature, 
and but imperfectly understood. In the laboratory the 
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Fig. 1 14. Absorption Spectrum of Chlorophyll 


splitting up of gases into their constituent parts is often a 
hard and laborious business. Here we have the plant 
performing the task with seeming ease. Chlorophyll is a 
magician working chemical changes in a magic way. 

Before looking at the materials which are the output of 
the living laboratory of a leaf, the result of the transforma- 
tion of a gaseoiis body into “organic compounds like sugar, 
starch, etc., a word or two must be said about the actual 
leaves themselves. How well they play their part in this 
magic Alchemy ! 

Look at the shapes of leaves and their positions on a tree 
or plant. Some, it will be noticed, are fiat and broad, so as to 
catch as much of the sunlight as possible. Some are cleverly 
arranged so as to avoid overlapping. This is seen in the 
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ivy. Some stand out from the stems horizontally all round, 
others shoot up narro\v and long. Sumo are (\i\ icled up into 
a number of leaflets such as wo see in ftu’iis. 

All spread themselves out as best they can with the one 
great object in vie\v — to catch as much as ])ossible tlu‘ir 
share of light and air in order to fulfil their nat ural functions. 
The food of a plant manufactured from the air consisis of 
Carbohydrates {comi)ounds of carbon, liyilrr^gm and 
oxygen) for the most part. Some of this is conveyed to the 
stem and roots in a soluble form. Some of it is fiouverted 
at once by the leaves into starch for immediate use (Mg. 115). 



Ili"hly niagnitied. 


This starch is again transformed into another kind of 
sugar (malt sugar) by the action of a body called Diastase. 
This is a ferment corresponding to another ferment called 
an Enzyme, which is the main constituent of the digestive 
secretions in the human body. If an extract of malt is 
produced by germinating barley, wc get Diastase formed 
which is able to convert starch into sugar, as in the proc('ss 
for making beer. An Enzyme and Diastase are therefore 
similar in their chemical properties. 

Each part of a plant has its own particular functions — the 
stem, the branches, the leaves. Not all the food is used at 
once, some is stored up to undergo further transformation. 
This forms a kind of " reserve material." We see it in such 
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vegetables as potatoes and artichokes, also in the rhizomes 
oi ferns, in bulbs and buds and in roots like beet and carrots. 
"Jlie chemical action involving the extraction of nourishment 
from the air goes on chiefly in daylight. In darkness 
Chlorophyll becomes less active, and unable to exercise its 
functions. No assimilation of food takes place. If a plant 
be kept in the dark, the leaves soon become pale and 
colourless, and the formation of starch is reduced to a 
minimum. The whole plant becomes sickly and "leggy/' 
It is a ghost of its former self. 

The absence of light, however, enables us more particu- 
larly to examine the Respiration of a plant, a function 
common to all forms of life. By day the action is somewhat 
masked. 

At night the plant, contrary to its mode of action by day, 
is always removing Oxygen from the air and returning 
Carbon Dioxide to it. By day plants purify the air, by 
night they tend to render the atmosphere impure for animal 
life. But the balance is in favour of the former, since more 
Carbon Dioxide is removed by day than Oxygen by night. 
Moreover, there is always a certain amount of free Oxygen 
returned to the air in the daylight hours. 

In these functions which we have outlined, part of the 
Energy which results from the chemical action is expended 
in building up the organic substances of the plant, part is 
transformed into Heat. In this connection some interesting 
facts have been observed. The plant, like ourselves, is always 
burning up Carbon, and if we examine a plant, especially at 
the flowering period, we shall find heat evolved. 

The phenomenon has been observed in the common Arum 
(Lords and Ladies). Inside th% spathe, a quite considerable 
degree of heat has been measured. Other plants also exhibit 
the same characteristic. Various Fungi have been found to 
be sensibly warmer than the outside air. This is not sur- 
prising considering the rapidity of the chemical changes 
which take place in organisms so liable to quick decay. 

A certain amount of water is given off by the Stomata 
of a plant. Often leaves exhale so much that it collects 
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in little drops at their points. If the actioir he u:cce,--sive (as 
on a hot day) the plant wilts and droops. A provi.sion of 
Nature in tropical countries to rcdace the area exposed to 
the sun’s rays is seen, for instance, in the Ihicalyplus. The 
leaves hang edgeways to the sun. Whiter is a soiirtx- of food. 
Plants obtain it by minins of rhuir roots. Tlicdr .special 
function is to absorb the vaiious salts which exist in the soil 
and which are soluble in water. A plant, for instance, 
requires Nitrogen which is so abundant in almospboric air. 
Plants do not take it from this source ; tliey assimilate it 
in the form of Nitrates or compounds of Auiniunia. Sulphur 



Fig* ii 6* KAruiuhs (Onion's) 
Highly m agiii ih ‘d . 


IS absorbed in the form of Sulphates ; Phosphorus in Phos- 
phates ; Hydrogen from the decomposition of water ; 
Iron, too, in small amounts to support the green colouring 
matter ; Calcium and other clemcnt.s all occur in the .stems 
and tissues. Those beautiful crystals called Kaphides, 
seen under the microscope in cells of the hyacinth, are 
mostly forms of Oxalate or Sulphate of Lime. They are 
long and needle-like. In the Onion they arc prismatic 
(Fig. ii6). The Root of a plant is one of its most important 
organs. The tip, highly magnified, consists of a number of 
cells with a delicate sheath at the extreme end. And it is 
this part of the root which enables a plant to obtain food 
from water and soil. 
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Then there are those wondei'fut root-hairs, so fine, so 
delicate, which clothe the growing tip with a velvet surface, 
slender one-celled filaments or tubes. They absorb all those 
nutritious materials which are so essential to the life of the 
plant. These they suck up through the membrane and outer 
walls of the tubes. 

The method by which plants obtain their food as seen 
above, does not apply in any marked degree to certain 
curious plants w^hich have very little Chloroph}^!, that magic 
agent, in their cells. They are not typical of the great bulk 
of plants, since they eke out a living (often a good one) at 
the expense of some unlucky neighbour. 

Certain parasites (as they are called) like the Dodder 
(Cuscuta) wdth its long red filaments, the Broomrape 
(Orabanche) and the Mistletoe (Viscum album) with its dull 
yellow-green leaves, are examples. All these manage to 
live on some luckless plant, their host, from whom they 
obtain their nitrogenous food. Sometimes, as in the case of 
the Dodder, they eventually cause its ruin. 

Those curious plants, which are called Carnivorous, are 
especially interesting since they obtain all the Nitrogen they 
require from living matter, usually little insects. 

The Sundew (Drosera) is an example. It is common 
in boggy places. There its little cluster of red leaves 
covered with glandular hairs or tentacles show up conspicu- 
ously against the green herbage of moss and short grass. 
The glands secrete a viscous transparent fluid which glistens 
in the sun and gives the plant its name. But they are a 
terrible trap to any unlucky fly which happens to alight on 
them. It is at once held fast and imprisoned, and the more 
it struggles, the worse it is. Then a wonderful thing happens. 
If carefully watched the tentacles wall be seen to gradually 
bend inwards over the fly, eventually closing over it com- 
pletely. At the same time the action carries the fly down to 
the centre of the leaf, and aU the time a copious secretion is 
poured over the unlucky captive. The Sundew is beginning 
its meal. Bathed in the secretion, the little fly is soon 
suffocated and its struggles come to an end. The whole 
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leaf commences to curl’ over and the process of digestion 
begins. All the nitrogenous portion of the wretched fly 
within that terrible grip is absorbed, for digestion it 
really is. The leaf is a living stomacli, secreting an acid 
ferment similar to that in human beings. It is entirely a 
chemical process, and a very' interesting one. 

When all the soluble matter has been absorbed, the leaf 
slowly uncurls again and resumes its normal sluipe. I'lie 
Sundew sets up its trap once more, and baits it w'ilh bright 
shining drops of what seems sweet honey. It i.s ready for 
another meal ! The extraordinary thing about the Sundew 
is its power of discriminating between nitrogenous and other 
matter. The tentacles exhibit no response to glasss, ptiper, 
etc. A tiny speck of boiled cabbage, white of egg, a drop of 
milk, at once stimulate the glands. The stoiy of thi.s 
remarkable plant is the story of a very wise provision of 
Nature. The Sundew cannot obtain much Nitrogen from 
the watery soil which is its habitat. It adopts the role of a 
living trap, and plays its part well. 

A word or two must be said about water-plants. Here, 
of course, the conditions which obtain in air do not operate. 
Such light as filters through the water layers is dimmed and 
its action diminished. However, there is a certain amount 
of Carbon Dioxide dissolved which supplies the leaves. 

These leaves are often very much divided, thus offering 
a larger surface for absorbing the gas. The same with regard 
to respiration. Some aquatic plants possess two types of 
leaves, floating and submerged. The former are round and 
large. They get plenty of sun and air. The latter are often 
finely divided, thus offering increased surface for absorbing 
the gas Some aquatics in stagnant water risk suffocation 
through lack of Oxygen. In all a considerable modification is 
seen in the action of light in proportion to the depth to which 
the plants are submerged. Gradually the green of the Chloro- 
phyll grains is masked by brown and red pigments. Then we 
come to plants like the Algae and Sea-weeds, exhibiting 
only those colours which are capable of absorbing the 
modified rays of light. 
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In all cases of plant life there is a continuous cycle of 
operations taking place. The plant takes Carbon from the 
air by day, and forms organic compounds which constitute 
the food of animals and men. It gives out Oxygen which the 
animal absorbs. At night the reverse obtains: the plant 
absorbs Oxygen and gives back a certain amount of Carbon 
Dioxide to the air. Finally, on decomposition, there results 
both from plants and animals Carbon Dioxide, water and 
inorganic salts. A cycle from inorganic to organic and vice 
versa. 

The Soil is the last source of food. Upon its nature the 
life of a plant greatly depends. All who are gardeners are 
aware of this. From this source comes the supply of 
Nitrogen in the form of soluble salts. A lump of soil, if 
carefully examined, will be found to consist of little particles 
of rock, the result of the weathering or breaking up of various 
rock systems by chemical action, frost and other agents* 
Water in which Carbon Dioxide is dissolved attacks not only 
granite but also limestone and chalk formations, giving rise 
to deposits of clay, sand, etc. Soil may be a mixture of any 
or all of these ingredients in varying proportions. But one 
very important constituent must also be present — ^this is 
Humus. It consists of decayed vegetable matter which 
eventually is converted into water. Carbon Dioxide and 
various soluble salts such as Nitrates, Phosphates and com- 
pounds of Nitrogen and Ammonia. 

There are other factors to be taken into consideration. 
The amount of water in the soil, its position with regard to 
sun and air, the aeration of the little particles, so that 
plenty of Oxygen may reach the roots — all these are im- 
portant. If a particular soiPis deficient in those ingredients 
which make for healthy plant life, use must be made of 
artificial manures. The chemist comes to the rescue of the 
unfortunate gardener or farmer. He directs Nitrates, or 
some form of Potash or Phosphates to be incorporated with 
the deficient soil. From agricultural laboratories are sent 
tons of cunningly devised manures for every purpose. 
Potash is useful for the formation of fruit, in the form of 
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Sulphate of Potash, I^ainit, a cheaper form, and wood 
ashes. Nitrates assist in leaf, cell and stem formation. The 
bright healthy green of leaves is due to their influence-. 
Nitrates arc applied in the form of Nitrate of Potash, Nitral e 
of Soda, Nitrolim, a modern product. Soot and Sulphate of 
Ammonia. Phosphates are useful for the do\’olopmcnt of 
flowers and seeds. They are applied in the form of Phos- 
phates of Lime, Sitperphosphatcs and P>asic Slag. Thi:; 
latter has proved most useful in agriculture. Lime, too, 
is valuable from a manurial and mechanical point of view. 
It sets free Potash and helps to decompose organic matter. 
It also neutralizes sour soil. It is applied in the foj-m of 
chalk, ground lime, etc. 

All these artificial manures, however, do not take the place 
of good farm-yard manure. The.}? are useful when ordinary 
manure is difficult to obtain. 

A system of Green Manuring has been successfully 
adopted of late years. Leguminous plants like Vctche.s 
are sown broadcast and the resultant crop dug in. Such 
plants (including also peas, beans) are able to fix atmospheric 
Nitrogen and store it up in those curious little nodules or 
swellings seen on the roots. When dug into the soil, a 
considerable increase of nitrogenous material is obtained. 

Since different plants exliau.st the soil in time, each 
extracting particular salts from it, it is obvious that the same 
crop should not be grown in one plot of ground continuously. 
Thus peas and beans extract a good deal of Nitrogen from 
the air, and if they follow such a crop as turnips they enrich 
the soil once more. For turnips, swedes, etc., exhaust the 
soil considerably. This is known as the Rotation of Crops. 
In the application of the prificiple lies the secret of good 
farming and good gardening. 

It has been remarked above that Humus is one of the 
constituents of all good soils. Now its conversion into 
organic matter is enormously assisted by countless numbers 
of minute microbes known as Bacteria. Beneath the quiet 
surface of our gardens and fields, infinite swarms of these 
little entities are for ever effecting chemical changes in the 
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decaying vegetable matter. They help to replenish the soil 
with Nitrates and Ammonia. To the roots of peas and 
beans they cling, swarming in the nodules already mentioned. 
Millions are contained in a pinch of earth. They multiply 
indefinitely, and are some of the greatest benefactors of the 
human race. 

Of late years an attempt has been made to utilise the 
remarkable properties of Radium in plant culture. Experi- 
ments have been made both in this country and in France. 
The results so far are unsatisfactory. Electricity, however, 
has yielded good results, but its application has not advanced 
beyond the experimental stage. 

The Sterilisation of Soil for the purpose of killing harmful 
organisms as well as the destruction of those Bacteria which 
have been found to exercise an injurious infl.uence, is 
extensively adopted to-day. In a report on the partial 
sterilisation of soils at Rotliamsted, it appears that this is 
carried out either by heating the soil or by chemical means. 
In the latter case the method consists in adding to the soil 
some poison strong enough to kill all harmful organisms. 
The results in both cases lead to an increase in the production 
of Ammonia and Nitrates, and the destruction of many 
poisonous organisms and pests detrimental to the bacteria 
which are found to be so beneficial. The soil, too, appears 
to be all the better for the treatment which it receives. 
The plants get more nitrogenous food, and a healthier 
medium in which to live. Different soils were subjected 
to experiments carefully carried out, and the general result 
was to confirm the earlier work carried out merely in the 
laboratory with pot plants. Partial sterilisation in a nursery 
carried out on a large scale ■proved the commercial value of 
the process. There is no doubt that useful crops of 
increased yield can be obtained in this way. Diseased or 
“ sick ” soils showing low bacterial efficiency are much 
improved by the treatment. 

Before concluding this chapter we must draw attention 
to the new method of converting straw into a useful fertiliser 
by the aid of certain bacteria and bacilli. Excellent manure 
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for agricultural purposes is thus obtained from material 
which is often regarded as valueless. Since horse manure 
is getting scarcer every year, the new product, which 
illustrates the beneficent results of modern rescareh in a 
striking way, comes before us at a very opportune time. 

Close upon this discovery comes the announcement th;U. 
a valuable gas for lighting and other purposes can be; made 
from aU kinds of waste nitrogenous matter wliich may 
be found in large quantities in farm and garden. C)ncc more 
the chemist assumes his accustomed rule of benefactor to the 
world at large. 



CHAPTER XXIV 


SOME ASPECTS OF INDUSTRIAL AND APPLIED 
CHEMISTRY 

When a fire is burning brightly in a grate, little jets of smoke 
are often seen issuing forth from the coals. Sometimes they 
catch fire and burn with a bright though smoky flame. 
What happens in the grate is very much like what takes 
place in the manufacture of gas for illuminating purposes, 
with this difference. The coal is heated in closed retorts so 
that all the products of its destructive distillation, gaseous 
liquid and solid, are conserved. The little jets to which we 
have alluded are impure gas. Let us briefly see how the 
purified gas which we use every day is made. 

The method, shortly outlined, is as follows : The coal is 
heated in clay retorts, and the resultant gases pass into a 
long horizontal cylinder containing water, in which the tar 
and other watery condensed matter collects — ammoniacal 
liquor as it is called — to flow finally into a well from whence 
it may be collected. The gases themselves pass on into 
refrigerating condensers consisting of curved pipes, where 
the last portions of tar and liquor are condensed, and from 
the bottom of which they return to the well. The gaseous 
products pass on into scrubbers or vessels containing 
coke moistened with sprays ^f water. Here the gases are 
washed and then they pass into the '' purifiers in order to 
rid them of Sulphuretted Hydrogen, Carbon Bisulphide 
and Carbon Dioxide. These vessels contain Lime or Oxide 
of Iron, and the impurities which play no part in illumination 
and are deleterious to health are thereby removed. The 
gases (for the final product does not consist of one only) pass 
on to the gasometers from which, under a given pressure, 
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they issue forth into tlic public mains. In the anne.xe.I 
diagram (Fig. 117) part of the proccs.s is depicted. 

A quantity of coke is left behind in the retorts, which is a 
valuable by-product. The tar, too, is of great value. It is 
the raw material which the chemist lakes and converts by 
subtle chemical changes into substanc'cs which, for most 
part, do not suggest so unlikely an origin. E:vr>losivcs of 
terrific violence, dyes of gorgeous and bewitchiny cc, lours, 
competing with Nature herself in the brighlm-rs of their 
hues ; elegant preparations ; patent drugs (d all kinds, the 
last woi'd in pharmacy ; perfumes diffusing th.eir fragrance 
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into the air ; essences and sweet-smelling extracts, delicate 
and distinctive ; and a substance like Saccharin , a derival i vo 
of Toluene, which possesses so sweet a taste that it far 
surpasses cane sugar in this respect. 

All have their origin in thatriark repulsive mixture which 
collects in the wells. The ammoniacal liquor, freed from the 
tar, is a valuable by-product. The supply of manure in 
these days is unequal to the demand for agricultural pur- 
poses. The liquor contains Nitrogen, and in the form of 
Ammonium Sulphate, into which it is ultimately converted, 
it is largely used by the agriculturist and gardener for their 
crops. In these days when the horse is a decreasing factor 
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in our life, and the supply of stable inanure correspondingly 
scarce, we have to fall back more and more upon ar tificial 
substitutes. Then, too, we must remember that the natural 
sources of nitrogenous manures — guano and Chilian nitrate 
— are also failing alarmingly. We shall review in the next 
chapter the means whereby it is hoped to combat this 
deficit. The welfare of agriculture, and indeed every form of 
cultivation, is intimately bound up with this important 
question. 

It is estimated that from one ton of coal 10,000 to 11,000 
cubic feet of gas can be obtained, over 100 lb of tar, and 
from 20 to 25 lb. of Ammonium Sulphate. The actual 
gases present in the mains are Hydrogen (about 50 per cent) 
with Methane or light Carburetted Hydrogen (about 35 per 
cent), and small quantities of Olefiant Gas, Carbon Monoxide, 
Nitrogen, Carbon Dioxide and a trace of Sulphuretted 
Hydrogen and some Hydrocarbons in very small quantity. 
Olefiant Gas contributes largely to the luminosity. Methane 
and Hydrogen to the heating quantities. 

In order to get the value of the illumination of gas, issuing 
as it does from the burner at the rate of about five cubic 
feet per hour, it is necessary to compare it with some 
standard source of light. This is a sperm candle burning 
at the rate of one hundred and twenty grammes per hour. 
The intensity of light varies inversely as the square of the 
distance between a screen and the source of radiation. 
Hence if equal shadows are cast by a gas flame (Fig. irS) 
at a distance of fifteen feet and a candle at five feet, the 
gas would be said to have an illuminating power of nine 
candles. 

Explosives, used so much in the late war, in their modem 
forms are sinister examples of Applied Chemistry. The 
number of different explosive materials is so great that a 
fun list of them would probably surprise the general reader. 
They range from Gunpowder, the oldest of them, Gim- 
cotton. Dynamite and others, to more modem compounds 
derived from coal-tar constituents, and those very imstable 
substances like Nitrogen Iodide, which are quite unfit for 
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use, since they explode with great violence at the slightest 
touch. All contain great stores of Energy in potential 
form. When disruptive action takes place, and they arc 
dissociated into gaseous products, these occupy a volume 
considerably greater than that of the original material, and 
at the same time great heat is evolved. The potential 
energy appears in kinetic form, part of it asstuning tlie 
form of heat and part mechanical work with results which 
we all know. At the same time we must not associate 
explosions entirely with destruction of life and property. 
They occur every moment in the c5'lineU'rs of a motor-car 
as it travels along the road, in all kinds of stationary gas 
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en^es, and we all of us know their use in quarries and 
elsewhere. But owing to the disastrous effects of explosions 
in mines, with compressed gases, and in other ways, our 
noinds are apt to be led away from contemplating their 
purely utilitarian purposes. 

Gunpowder is not so much* used now as formerly. We 
generally attribute the invention of this mixture of Nitre 
(Potassium Nitrate), Sulphur and Carbon to Roger Bacon 
(Chap. I), bom in 1214. On explosion the gases evolved are 
Carbon Bioxide, Carbon Monoxide and Nitrogen. But there 
are a number of objectionable solids produced which cause 
an undue amount of smoke, and in modem guns this seriously 
detracts from the use of gunpowder as a propellant. 
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Gun-cotton is a useful explosive’ substance. We have, 
in another chapter, learned something about cellulose, the 
chief constituent of vegetable tissue. Cotton in its purest 
form is a good example. So also cotton wool, cotton fibre. 
Now, if we take cotton w'-ool and soak it in a mixture of 
strong Nitric and Sulphuric Acids, and then wash and dry 
it, we get a substance technically known as Gun-cotton, 
which is used as an explosive substitute for gunpowder 
in modern propellants. Since the products of explosion are 
gaseous, there is less smoke and less corrosion. Their volume 
is double that of the explosive products of gunpowder, and 
gun-cotton is therefore a very powerful and dangerous 
substance. Y et a small portion may be placed on the palm of 
the hand and ignited, when it will burn rapidly away in a 
harmless manner. But suppose that we alter the conditions 
under which it is ignited, and cause it to bum in an enclosed 
space, the result is very different ! The substance is con- 
verted quickly and suddenly into its gaseous products with 
extreme violence. It is usual, in practice, to explode it 
by means of a detonating fuse in contact with it. This fuse 
contains Fulminate of Mercury, another highly explosive 
material. But there is this further to be observed. Even 
if a detonator be not actually in contact with the material, 
the concussion of the surrounding air is sufficient to cause 
it to break up with explosive violence. 

The lower nitrates of cellulose, for we must remember 
that this substance is able to form salts with Nitric Acid — 
Ethereal Salts — are soluble in a mixture of Ether and 
Alcohol, forming a solution of Collodion, a transparent 
liquid which on evaporation from any surface leaves a 
thin film behind, which finds Its application in surgery and 
photography. 

Nitroglycerine is a very powerful explosive. When Soap 
is made by boiling fat with Caustic Soda, an important by- 
product is obtained in the form of a thick, colourless and 
sweet liquid which mixes easily with water. This is Glycerine 
or Glycerol, which is a constituent of most fats. Thus 
butter consists of the ethereal salts of this substance with 
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variousacids such as Palmitic, Stearic, ButjTic, eic. To this 
latter it owes its flavour. 

Glycerine is an alcohol, and with XiLric Acid forms ilic 
ethereal salt (Chap, xx) Nitrogl3'-cerine, an inipealaut nnd 
powerful explosive. It is an almost colourless lujiiid which 
burns quite quietly unless it is healed sironi;ly when it ex- 
plodes, as it does also by concussion. An eiK>nnous vuhuiK^ 
(some ten thousand times that of the oripjnftl inuii.rial, it 
is estimated) of gas, mostly Carbon Dioxhle rind Xitn\i>\'n, is 
evolved with great heat, so that it is a wiy formidahle 
explosive indeed. In practice it is usual to add a little 
Sulphuric Acid to the Nitric to increa.sf‘ the yield of exjdosive. 

A mixture of gun-cotton and nitroglycerine together witli 
some acetone (a colourless liquid with a pleasrnil cdhtTeal 
odour derived from acetates) to act as a sohant, forms a 
gelatinous mass which is used for blasting purport s. \\ lion 
on removal of all the solvent the. mass is dri(.‘d and rut into 
cord-like lengths it is known as Cordite, which forms Ihe 
basis of all smokeless powders. 

Dynamite is closely connected with Xitrogljxfirine. In 
order to remove some of the defects of Nitroglycerine (its 
too concentrated action, its condition as a liquid, etc.), a 
certain proportion of some porous incombustible; substaniT; 
is mixed with it. One is an infusorial earth called Ki<‘S(;lguhr. 
This is a siliceous powder formed from minute sb(‘lls of 
diatoms and other primitive plants and animals. The 
mixture is easier to handle than the original material, it is 
safer in use, and more easily transported. It is known as 
Dynamite {dunamis, power, Grk.). 

Lyddite is another form of Picric Acid. If we treat 
Carbolic Acid (Phenol), whickis one of the constitu<iUs of 
coal-tar, with Nitric Acid, a yellow (jrystalline subvSlance 
with a bitter taste is obtained. This is Picric Acid, which is 
not only used as a dye for wool and silk, but also as an 
explosive under the name of Lyddite. It forms salts with 
Potassium and Ammonia, which are also very unstable 
bodies, and are liable to explode spontaneously. 

Trinitrotoluene (T.N.T.) is one of the newer explosives, 



And Applied Chemistry 271 

and was extensively used by the Germans and also by us 
in the late war for high-explosive shells, mines and torpedoes. 
Toluene is one of the Benzene series of Hydrocarbons 
obtained from coal-tar. With Nitric Acid it forms certain 
nitro-compounds, of which T.N.T. is the famous explosive. 

If we take Benzene, also a coal-tar product, and act on it 
with Nitric Acid, we get, first, Nitro-benzene, an aromatic 
compound, by substituting Nitrogen Tetroxide for one 
atom of Hydrogen. By a double substitution we get 
Dinitro-benzene, which is another explosive body. From 
Benzene we get Aniline, which is the source of a large number 
of dyes of beautiful colours- Thus a perfumed body, a 
high explosive and a substance which is the starting-point 
for tints and hues of every description are closely allied 
to one another. 

Perfumes and Essences appeal to everj^^body. If a piece 
of lemon or orange peel be bruised, a number of minute 
drops of a fragrant oil will be seen. This contains within 
itself the concentrated smeU and taste of the original fruit 
in a high degree. We call the substance the essential oil 
of lemon or orange as the case may be. Other examples 
are the oils of Lavender, Caraway, Rose (Otto of Rose), 
Orange Flower (Neroli), Almond, Rosemary, Jasmine and 
others. 

In order to extract these volatile oils, several methods are 
adopted. Distillation with water is a common process 
much used in France, that home of perfumes. The oil passes 
over with the steam, and can be collected from the water on 
condensation ; being lighter it floats on the surface (Fig. 119)- 

Another method is to macerate the flowers in highly 
clarified lard or other material in a hot liquid state. This 
takes up the perfume. The fat is then added to rectified 
spirit and distilled off. By whichever process the oils are 
obtained, they are either used as concentrated essences, 
incorporated with spirit, or added in minute quantities 
to distilled water, forming lavender water, orange water and 
the like. Sometimes different perfumes are blended together 
to produce such distinctive scents of rare quality as Eau de 
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Cologne and others. What oils are used and in what pro- 
portions they are blended together are often scorols 

jealously kept. As far as Eau de Cologne is corioernrd, wo 
can picture to ourselves, probably with somc^ truth, sucli 
fragrant ingredients as the essences of bergamot, citron, 
orange flowers, roses, lavender and others, as forming the 
main constituents of that delightful scent. 

Many of the volatile oils are closely related to tinpenl ine, 
or rather to one of the Terpenes, a fIydrof‘n.rbon in facb 
And although they share this common formula betwi cu 
them, they often exhibit quite distinct properties. 
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are, in chemical language. Isomers of the Torpenc, a curious 
property noticed in a previous chapter (xxi). Many of tlic 
Terpenes themselves are aromatic bodies; 'i'urpenline, or 
its oil. obtained from the Pinus Nigra, Pinus Australis, 
Terebene from Pinus Maritimn, used for scenting soap, the 
Camphors, the common variety, and Borneo Camphor or 
Bomeol, which are compounds of Carbon, Hydrogen and 
Oxygen, Menthol, and others. 

Camphor is a very well-known aromatic substance. The 
ordinary variety is obtained from the Laurus Camphora 
of China and Japan. It is obtained by distilling the wood 
in water and submitting the crude product to rectification. 
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when it assumes the appearance of a fragrant crystalline 
white substance with which we are all familiar. Borneol 
is obtained from the Dryobalanops Camphora. It can be 
converted into the ordinary form by oxidation. 

Balsams and Resins are fragrant bodies which in the case 
of Resin (Colophony), Mastic, Copal, are obtained fro-m the 
Terpenes. Balsam of Peru and Tolu contain Gum Benzoin 
and an ethereal salt, Styryl Cinnamate, to which they owe 
their sweet-smelling properties. When they are burnt they 
evolve volatile oils and odoriferous vapours, the result of 
decomposition. These diffuse into the surrounding air in all 
directions. The characteristic properties of Incense are 
due to these aromatic substances. 

There is probably no flavouring so universally esteemed in 
cooking and confectionery as that well known body. Vanilla, 
obtained from the pods of Vanilla Aromatica, a plant of 
tropical America. The active constituent is Vanillin, and its 
fragrance is due to an essential oil. 

Coximarin is allied to the resins, and is the active principle 
of the Tonka Bean (Dipterix odorata). It has the smell of 
clover or new-mown hay, and is present in small quantities 
in sweet-scented Vernal Grass, in Melilot and in Sweet 
Woodruff. 

The chemist has been busy for many a year, busy in his 
laboratory producing artificial or synthetic bodies, drugs and 
various pharmaceutical products, dyes of every hue, artificial 
foods and other organic substances. We need not therefore 
be surprised that he has extended his efforts into other 
directions, has striven in fact to wrest from Nature herself 
those secrets so closely guarded in plant and flower, the 
secrets of their perfumes and fragrant essences. 

Bitter almonds when crushed yield an oil of characteristic 
odour much used in cooking and confectionery. The chemist 
takes coal-tar as a starting point and forms Benzoic Alde- 
hyde, which is the active principle of the oil. From the same 
source Benzene is obtained, treated with Nitric Acid, and 
we have Nitro-benzene, which is another very good substitute 
known as Essence of Mirbane. And from Phenol or Carbolic 
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Acid artificial Coumaria is obtained. Camphor is now a 
synthetic product, made in the !a1>oralorj' from Pinene 
(Oil of Turpentine) by treatment with llydroidiluric Acid. 
A white product, Bornyl Clilorido, of cry.stallinc structure is 
the artificial substance. 

The popularity of Vanilla is such that the demand exceeds 
the supply. Accordingly the active principle of Oil of 
Cloves, Eugenol, is taken, and synthetic Vanilla obtained in 
larger quantities. 

Many flowers have yielded up their secrets. Thu.s 
Heliotrope, used in perfumery, is made from Pipcroua.1, which 
is related to Pepper — an incongruou.s association ! Virdets 
with their sweet odour appeal to all. The chemi.st takes 
Orris root and turns out an active substance, lononc, which 
is an excellent substitute. In soaps, scents, sachets, the 
well known odour pervades them all, almost ad nauseam. 

Lily of the Valley is another pleasant perfume. It is 
obtained from Terpineol, a derivative of oil of turpentine. 
From Phosgene, one of the deadly gases employed in the 
late war, comes a scent rivalling that of the violet. From 
poison-gas to sweetest of perfumes in my lady’s boudoir — 
what a contrast ! 

Sweets, especially the cheaper varieties, are flavoured with 
essences which recall those of apples, pears, pine-apples and 
other fruits. Thus, the ethereal salt of Butyric Acid 
(contained in butter), Ethyl P>utyrato, resembles Pine- 
apple, Amyl-acetate the odour of Jargonelle pears, and 
Amyl-valerianate the perfume of apples. 

Another ethereal salt or Ester, Methyl-salicylate, is 
responsible for the artificial production of the active basis 
of Oil of Wintergreen (Gaulth>eria procumbens). Thus, the 
synthetic chemist is prepared to give us all kinds of subtle 
perfumes and odours, from Otto of Rose to the alluring 
fragrance which is wafted to us from our garden flowers, 
Jasmine, Hyacinth and others, as well as from those 
humbler plants which are to be found in many a field and 
hedgerow. 

The volatile basis of wines of all descriptions to which they 
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owe their characteristic “ bouquet '' and flavour is imitated 
by a number of synthetic products which, unknown to 
the hapless buyer, are largely responsible for the sale of 
these inferior competitors of the true juice of the grape* 
And the same applies to Cognac, Rum, Whisky, Cider and 
other beverages. The disaster to the human economy is 
often great. 

If onions and garlic were to fail, the chemist has a sub- 
stitute in Allyl Sulphide, which, taking its name from Allium, 
the generic term of the onion tribe of plants, is a very close 
imitation. 

By a careful selection of certain essential oils, together 
with small quantities of the active basis. Musk, Ambergris, 
etc., can be counterfeited. If the age in which we live be 
“ artificial/' the different artificial products — drugs, foods, 
scents, etc,, are decidedly contributory to this state. 

The myriad colours of every hue which give us so much 
assthetic enjoyment are largely synthetic products derived 
from coal-tar materials, and they are examples of Applied 
Chemistry in one of its most attractive and useful forms. 
Amongst natural dyes. Indigo is one of the most important. 
It is also one of the oldest. It is obtained from the Indian 
plant Indigofera Tinctoria by treatment with water, fer- 
mentation, and the formation of an insoluble blue product 
which is washed, pressed, dried and sent into the market. 
Now, Indigo-blue, which is the basis of the colour, can be 
made artificially to-day either from Anthranylic Acid 
obtained from Naphthalene, one of the coal-tar products, 
or from Nitrobenzene and Aniline. Another vegetable dye 
is Woad or Madder, with which our forefathers used to dye 
their skins in time of war. '^The active principle in it is 
Alizarin, and the plant itself is Rubia Tinctorum and a 
variety called Rubia Peregrina, found in some parts of Britain. 
An enormous quantity of this colouring matter was used in 
the old days. Then came the isolation of Alizarin as the 
basis of the dye, and the subsequent discovery by Graebe 
and Liebermann that Anthracene, one of the coal-tar hydro- 
carbons, and formerly thought to be of little value, could by 
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chemical synthesis be' converted into Alizarin. Thus 
Anthracene took a high posit ion among the coal-1 ; tr products, 
and Madder passed into comparative disuse, though it is 
still cultivated to some small extent in the eastern counties. 
An insignificant by-product re^'olut ionised the entire dye 
industry. The first colouring matter obtained from coal- 
tar was Mauve, produced by Perkin from Aniline. This he 
accomplished by a process of oxidation with lii-cdiromate of 
Potash. Subsequently it was found by l\r( dlock and Nichol- 
son that another oxidizing substance, Aisenic Acid, was able 
to convert aniline into a fresh d 5 'e called Magenta, Now, 
Aniline is produced from the hydrocarbon Bt nz».;nc, one of 
the light oils obtained from the distillation of tar, so that 
the base of all the beautiful colours which we .sec to-day in 
cloth and silk, etc., the aniline-colours, is that diirk repulsive 
mixture which as we have already observed collects in the 
wells adjoining the distillation retorts. Am.1 the whole 
industry which has sprang up and has cxlcmled into vast 
proportions is not only one of the greatest triumphs of 
Applied Chemistry, but it has also rendered the names of 
those illustrious investigators, who by their skill and patient 
labour were the founders of an epoch-making industry, 
for ever memorable. The chemist in his laboratory taking 
as his working foundation the discoveries of those early 
pioneers has, by a process of re-arrangement of <liffcrent 
atomic groups in the molecular formula of artificial products, 
introduced new compounds with new properties. Tims in 
the synthetic production of Alizarin, starting with Anthra- 
quinone derived from Anthracene, by treatment with 
bromine, the result was Alizarin. Or take Aniline and 
substitute for one of the Hydrogen atoms in it a group of 
Carbon and Hydrogen atoms and we get Piphenylamine, 
from which Methyl-violet is obtained. Alizarin dyes, and 
amongst these is a red-colouring matter, Purpurine, require 
for the purpose of colouring all kinds of cotton and calico 
goods certain substances known as Mordants to be incor- 
porated with the material before it is subjected to the dye. 
These mordants, alumina, iron oxide, etc., form with the dye 



And Applied Chemistry a-jj 

insoluble compounds termed Lakes. And the colour of 
the cloth ultimately depends upon the particular mordant 
employed. Thus iron oxide produces a violet, and aluminium 
a characteristic scarlet- red. 

Goods dyed in this manner do not lose their colour, and 
are said to be “ fast.'"' But there are some dyes which 
impart their colouring to cotton fibre directly without a 
mordant, and these constitute an exceedingly useful series 
of compounds giving yellow, orange and other colours 
associated with red. There is also a black which colours 
direct, a very important substance. These dyes are included 
in the group known as Azo-dyes, which have their origin in 
Benzene and Toluene, two of the coal-tar hydrocarbons. 
Aniline, a close relation of Benzene, is acted on by nitrous 
acid with the formation of an unstable compound called 
a '' diazo-salt.’* But on combining with such a substance 
as Aniline the Diazo-benzene compound forms a stable 
compound, called Aniline Yellow. This was the starting- 
point of a whole host of valuable colouring matters which 
were also the means of disclosing the importance of by- 
products in the coal-tar industry hitherto unsuspected. 

Thus Naphthalene, which is another product of the dis- 
tillation of coal, became a by-product of importance when 
it was found that from it and its derivatives a number of 
important colouring matters like Naphthol Yellow, Man- 
chester Yellow, Fluorescein, Magdala Red and others could 
be obtained. 

An important development of the Dye Industry has lately 
been announced by the discovery of a new class of ** fast " 
colours which are capable of imparting a wide range of hues 
to artificial silk. Also, in the case of wool, new dyes of a 
superior type are the resxilt of recent chemical research. 
Then, too, for calico-printing a beautiful pink dye has been 
introduced. Mention also must be made of the discovery by 
Professor Green of a process for dyeing two colours at the 
same time. 



CHAPTER XXV 


RECENT DISCOV^ERIES AND APPLICATIONS 

A Crookes' tube not only emits Cathode rays consisting of 
infinitely minute little particles negatively charged called 
Electrons, but also another type of positive radiations " 
known formerly as Canal rays, since they issue fortii from 
behind the cathode if it be pierced with a number of iioles 
(Fig. I20), as was discovered by (h>ldstcin. Ihese rays 
carry a positive charge of electricity whost; 
mass corresponds to that of the Hydrogen 
atom. Sir J. J. Thomson emplo3dng a tube 
of very narrow bore loading into a larger 
tube caused the particles to be proj<;ctcd into 
it behind the cathode, where they were sub- 
jected to the influence of magnetic and electric 
fields. They accordingly were deflected, and 
the effect was observed on a fluorescent 
screen and on a photographic plate. A series 
of curves or parabolic arcs were seen, and 
light particles were more deflected than heavy 
ones. A number of gases were subjected to 
^CanII^Rays® was found possible to draw 

up a kind of spectrum corresponding to the 
curves, each registering a dii^erent atomic weight of the 
particular element employed. The breadth of the curved 
lines corresponded to the atomic weights of the elements 
observed. 

The outside curve of all represented Hydrogen, and by 
comparing all the others in terms of this, some interesting 
results were observed. The various particles carried unit 
charges of electricity up to three or more. Hydrogen 

373 
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revealed itself so often that it seemed to be universally 
present, also a curious modification or Isotope {isos, equal ; 
topos, place, Grk.) of the same element, with atomic weight 
of three, hitherto unknown. So, too, when such a gas as 
Marsh-gas came to be examined in the tube, mysterious 
lines appeared suggesting some unknown types. In the 
light of recent discoveries these researches have a profound 
importance in their bearing on the constitution of the atom. 
This form of analysis, too, is exceedingly sensitive, and 
reveals in elements the presence of new types of atomic 
states hitherto unsuspected, and all with an exposure of 
less than one millionth of a second, and working with a 
quantity of the gas which may be of the order of only tuit of 
a milligram. Yet with this the atomic weight and charge 
may be observed with accuracy. Some of the elements, 
therefore, are not so simple as was formerly thought. The 
discovery of different atomic states of the same elements — 
Isotopes as they are called — ^recorded above, has led to the 
isolation of many others which, exhibiting the same chemical 
properties, possess at the same time different atomic weights. 

In his Presidential address to the British Association at 
Edinburgh (of which this is in part a condensation), Sir 
Edward Thorpe made an interesting allusion to an old 
theory of Prout that the atom of Hydrogen was the ultimate 
particle of matter. The conception of a common origin of 
all material things, involving the unitary nature of matter, is 
a veiy old idea. Did not the old alchemists and philosophers 
hold that the hyle " of Aristotle was the original primal 
matter ? And in our own time, Crookes advanced a theory 
that all the elements might be successive condensations 
of one ultimate entity, which might be Hydrogen. But the 
results of modern investigafion of these profound questions 
have thrown fresh light upon the old concepts, which have 
been, as it were, remodelled in terms of the New Knowledge. 

The new theory of Matter, which is an extension of 
Prqut's hypothesis, is that all atoms of elements of even 
atomic number appear to be composed of Helium, while 
those of elements of odd atomic number are made up of 
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Helium and Hydrogen with electrons in both cases atiarhed 
to them. 

The atomic numbers refer to the position of the,-, eh^mcnls 
when arranged in the order of the numerical vahie of ihcir 
atomic weights. Thus we have Hydrogen Jk-linm 

with the next heaviest atom 4-0, Lithium and so on 

right down to Uranium 238-2. If Hydrogim and 1 Idinm he 
omitted in the Periodic Table, as we shall see a lii tic later 
on, we must add tw'O units to the numhers gL\'en. 

The isotope of Hydrogen is only one of a inunixn- uf 
established facts which support the new tluiory, the group 
of three Hydrogen nuclei being perhaps the uid^iutwn ga,s 
“Nebulium” (Chap, xix) originallj’ proflucctl in the stars, 
and which asti'o-physicists have claimed to be tin.* source 
of our terrestrial elements. The work of Aston has n-vealed 
a number of other elements which appear to In.* inixtun s 
of these so-called isotopes. Thus Clilorim! seems to consist 
of two substances with atomic w(;ights of thirl y-iive and 
thirty-seven, an interesting result of tli<j positive ray 
method, since all determinations in the onlinary u-ay fi.K it 
as 35*46 and not a whole number. Bromine possi'sses t%vfj 
isotopes, so also Argon ; Krypton and Xenon six and fi%'e 
respectively. On the other han<l Sulphur is appart*nt 1 y 
simple, so also Phosphoras. Iodine, too, is a simple eh;m('nt. 
In the light of all this the Periodic Syst«*m (Cluip. xvn) mu.st 
be considered afresh. The order of the chemical atomic 
weights in the table has in addition to it a secpience of 
atomic numbers which reveal the real progression of the 
elements. Furthermore, the conception of matter as l)c*ing 
composed of atoms of positive and negative electricity, 
protons and electrons as they nre called, “ Standarfl bricks 
that Nature employs in her operations of clement building,” 
in Dr. Aston’s picturesque words, has its bearing also upon 
the Periodic System. 

According to Sir J. J. Thomson we may consider a part ol 
the Periodic Table as exemplified thus : — 
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Allowance must be made, as we explained further back, 
for the omission of Hydrogen and Helium. 

The number of electrons in an atom corresponds to the 
position occupied by an element in the system when arranged 
in order of its atomic weight. Suppose that the electrons are 
arranged around a central nucleus of positive electricity on 
a sphere. The chemical molecule being neutral, only a 
certain number of electrons can take up their position in 
equilibrium. Beyond eight they are no longer stable, and 
the layer breaks up, giving rise to a new arrangement. A 
new shell would be started outside with a repetition of the 
old outer layer. And this is very much like what happens 
in the case of the Periodic System. The element Lithium 
has one electron in the outer layer. Glucinium two. Boron 
three, and so on to the end of the octet with Neon eight. The 
maximum niimber of available electrons is now reached in 
the outer layer, and we begin a second group with Sodium 
nine (S+i) with one electron outside, Magnesium ten (8+2) 
with two electrons. Aluminium eleven (8+3) with three 
electrons, and so on. The series then begins again on these 
lines and continues to the end. We get a periodic recurrence 
of elements and their properties with an increasing number 
of electrons up to eight. It is the Law of Octaves expressed 
in different terms. The valency or atom-binding power of 
an element is dependent on the same principle. Take 
Fluorine, for instance ; it has seven electrons, and therefore 
it could take on one more. It is thus univalent. Nitrogen, 
on the other hand, is trivalent, for it can accommodate three 
more electrons. Neon has its full number. This explains 
its inertness and lack of power to form compounds with 
other elements, if we accept the theory that chemical 
combination is caused by electrons passing from one layer 
or outer shell to another. Neon has no electrons to spare. 
Oxygen is divalent; it has room for two more electrons* 
Hence it can combine with two atoms of Hydrogen in the 
familiar way known to us aU. It may, however, be sex- 
valent if we suppose that the six electrons could fill up 
vacancies in other atoms like its analogue Sulphur, which 
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combines with six atoms of Fluorine to form a fluoride. 
When an clement appears to have two valencies, ono governs 
"its combination with more negative clenu nis, fhe other 
its combination with more po.sitive element.', the sum of the 
two valencies being eight.” And it is in this wey tljnt fresh 
light is being shed upon the question of chemical combina- 
tion. 

The Presidential addrc.ss at Ediubirrgh and a lecture nt the 
Royal Institution by Sir J. J. Thomson an " Clii'uiicri.l 
Combination and the Structure of the Jlolcculo ” should be 
read by any one who is interested in these latcM tlu’<jri(s 
of the constitution of flatter and the mochani.-m of the 
Atom. I am indebted to both for the brief snrvi y indica1{ d 
above. 

One of the later inventions in science is llie ()Y)lo]>hono. 
This ingenious instrument, the invention of J.)r. h'ournier 
D’Albe, enables the blind to read printed matt<;r, boolrs, 
newspapers by producing in a telephone receiver a serit's 
of musical notes forming tones or motifs wliic.h represent 
the letters as they are passed over by the iiisininunt in 
traversing a line of printing. Advanta.gc' is takin f>f the 
variations in electrical resistance of the element Selenium 
under the influence of light. Onlinarily, it allows very 
little current to pass, but when specially prepared it is 
sensitive to light, and thus its resistance varies acconling 
to the quality or intensity of the illumination to which it is 
subjected. On removing the light it recovers its normal 
resistance. In the telephone tliere arc variations of the 
current and so it is possible to hear different notes corre- 
sponding to the varying intensities of the rays of light. 

Light is caused to fall on a^suitable surface of selenium 
called a “ bridge.” Suppose that it causes two hundred and 
fifty-six flashes per second ; the current rising and falling 
at that rate causes the telephone to .sing the middle C of the 
piano. At half the frequency of vibration the note will bo 
an octave lower. Hence any tunc can be heard by a proper 
succession of sets of pulsations of light. 

In the Optophone a selenium " bridge ” is exposed to 
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successive pulsations, varying according to the form of the 
letters traversed in printed t3rpe. Each letter has its own 
note. Printed letters are thus translated into a sound 
alphabet. The arrangement of the instrument is seen in the 
annexed figure (Fig. 121). 



Fig. 12 1 . The Optophone 

G Glass plate, O Objective. 

S Sclcnixim bridge, R Reflecting lens. 

F Focussing lens. D Rotating disc, 

L Lamp. 

By permission of Messrs. Barr & Stroud, Ltd. 

The printed page face downwards on a glass plate rests 
on a tablet of porcelain %vith an aperture permitting the 
light to pass to the paper. The upper surface is prepared 

as a " bridge ” and is connected up to a battery and tele- 

phone. The “ bridge ” receives light reflected from the 
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page. The rotating disc is perforated with a number of 
concentric holes. Underneath is an cicctric-lamp, the liglit 
of which passing through throws by an optical .system of 
lenses an image of the filament on to the pn,piT above. 
Thus light falls on the print in a series of intermittent 
luminous dots, is reflected from the type on to 1 lie " bridge ” 
and gives rise to a variation of sound in the t<;lej>lione 
corresponding to the note of each dot. The printed matter 
is moved on gradually, and the sounds heard vary according 
to the change in the shape of the letters. 'J'lu! difficulty 
of learning to " read ” by this instrument i.s not greater 
than in the case of the ordinary Morse code. The light on 
the printed matter forms five spots in line — the Sc‘.ala, as 
it is called. Each spot vibrates at a rate corrc.sponding to the 



Fig. 122. ScAtA Passing over Printed Letters 
By permission (jf Messrs. J?arr & Sln ud, Ltd. 


number of holes multiplied by the number of revolirtions of 
the disc per second. There are 18 holes in the inner circle, 
24, 27, 30 and 36 in the otlaers. If the disc makes 21^ 
revolutions per second, the second circle of holes will pro- 
duce 51Z pulsations per second, equal to C'. The number 
of holes given above are in proportion to the vibrations in 
the notes G, C', D', E', G' (soh, doh, ray, me, soh). In the 
accompanying illustration (Fig. 122) is seen an enlarged 
diagram showing the path o^ the Scala over the printed 
word " Type.” The Optophone is a wonderfully clever 
application of that curious but interesting element Selenium. 

Crookes’ protective glass is another valuable invention. 
The visible spectrum of light is bounded on both sides by 
regions consisting of vibrations of longer wave-length than 
the visible red (Infra-red or heat rays) and of shorter wave- 
length than the visible violet (Ultra-violet or actinic rays) as 
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seen in the illustration (Fig. 123). A ray of light, consisting 
as it does of visible and invisible radiations, is capable often 
of inflicting injury upon that delicate organ, the human 
eye. And whether people need corrective lenses for sight 
purposes or not, they do need, often, some protection if 
exposed to light of unusual brightness or to injurious heat 
rays. This is especially the case in such industries as 
Acetylene Welding, where Ultra-violet rays are present in 
large proportion. So also in glass-working, where the heat 
rays have been found to be very harmful to the eyes of the 
operatives. A number of experiments were carried out at 
home and abroad to combat these evils. 

Sir W. Crookes endeavoured to solve the problem in 
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conjunction with Messrs. Chance Bros., of Smethwick, 
Birmingham, fie found that cataract was prevalent 
amongst glass-workers. This was not surprising when in 
one case he found that the operatives were exposed to radia- 
tion from a volume of molten glass which covered eighty- 
two square yards and contained nearly four hundred tons 1 
After experimenting with metallic oxides of Cerium, Cobalt, 
Chromium, Neodymium, Ur^ium and others, he succeeded 
in preparing glasses which by spectroscopic and other tests 
were found to cut off 90 per cent of the harmful heat rays, 
were opaque to the invisible Ultra-violet radiations, and were 
sufficiently free from colour to be scarcely noticeable wh^ 
used as spectacles. They are adaptable for all requirements, 
such as exposure to strong sunlight, glare from snow at high 
altitudes and in the Polar regions, the hght of the electric 
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furnace, molten glass, artificial light. The usual blue or 
green-tinted glasses arc far from satisfactory. Tlu^y cut off 
much of the luminous radiation and k-t the harmful Ultra- 
violet rays pass. For ordinary work, glasses numbered A 
and B are generally used. The glass A is very light in colour, 
cuts off 39-5 per cent and transmits iSS per cent of the heat 
and light rays respectively, and is practically opa<iue to the 
ultra-violet rays. The B glass is especially protective 
against light of excessive brightness. In both cases 
Applied Chemistry has conferred yet another boon upon 
mankind. 

Liquid Carbonic Acid-gas has found many applications 
to-day. The employment of the gas for the purpo.se of 
refrigeration and for the manufacture of at.ratcd wa(t;rs, 
aerated bread, etc., has led to a large ileinand. From 
particulars given by Messrs. Barrett and Elers, Limited, 
Old Ford, E., it appears that the gas is made by burning 
coke in furnaces from whence it is passed into two Scrubl>ers, 
B J, where it is successively washed by hot water from B 
and then by cold water flowing over fragments of marble. 
It now goes into the absorbing towens, ii E, containing 
fragments of coke washed with a stream of Potash Lye 
from tank F. The lye which is concentrated and 
enriched by various processes is now boiled off again 
and the resultant gas passes on to the gas-holder. 

The bottles or tubes which are used for storing the Carbonic 
Acid after careful testing are charged six at a lime through 
tiny spiral pipes which might easily be mistaken for electric 
wires. Ten tons per day is the average output. The testing 
proving satisfactory, the tubes are charged with the gas 
at a pressure of 800 lb. to the square inch, and .special 
precautions are taken in order to prevent interference 
by unauthorised persons while the tubes are in transit. 
Part of the process of manufacture is seen depicted in the 
accompanying diagram (Fig. 124). Enormous quantities 
of Carbon Dioxide are used to-day for the purpose of making 
aerated waters. According to particulars kindly given to 
me by Messrs. Flugel and Company, Limited, Carbonating 
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Engineers, London, it appears that aerated water machines 
of all descriptions, from the simple machine for the small 
household to the bigger ones on a moi*e extended scale, are 
turned out in large quantities to meet the increasing demand 
for table waters sparkling with Carbonic Acid. When to 
this filtration is added, we see at once to what a high pitch 
the manufacture of aerated waters has been carried to-day, 
and that Carbon Dioxide, which has not got a particularly 
good name in many respects, has yet proved itself indis- 
pensable in many ways — in the manufacture of mineral 
waters, the carbonating of beer, sparkling wines, in fire 
extinguishers and as a refrigerating agent. These are a few 
examples of its many applications. 



Fig. 124. Manufacture of Carbon 
Dioxide Gas 

By permission of Messrs, Barrett & Elers, Ltd. 

Liquid Air as an Explosive is a curious development of the 
use of gases for practical work. If some absorbent material 
such as saw-dust, soot, cork-carbon, etc., is mixed with liquid 
air it forms an explosive mixture which may be used with 
good effect for blasting purposes. The finer the absorbent 
material the greater the force of the explosion. It is 
estimated that one cubic foqt of the liquid (98 per cent 
Oxygen) evaporates into about 750 cub. ft. of gas, and the 
time of combustion is very short. An enoimous pressure is 
exerted. The liquid air is transported to the scene of 
operation in special containers of 1-20 gall, capacity. The 
cartridges filled with the absorbent ingredients are varied 
to give different effects comparable with powder, dynamite, 
etc., and are fired either by a fuse or by a suitable detonator. 
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When the holes have been prepared, the cartridfies iUlccl 
with the fuse are placed in a vessel of liquid air in onli r t.o 
absorb the liquid. They arc now in an cxjilo. ive ' oiidiMon 
but immune against blows. Placed in the liore-hnli- ilu' fn.-.i' 
is ignited or the electric detonator leads joined uj;. Tin- ^,l^ot 
must be fired within fifteen minutes, since t!u) liquid air 
evaporates so quickly. In the case, therefon-, of a mi. fire, 
the cartridges become non-explosive in less than half an 
hour. During the late war the Germans umhI liiiuid a.ir 
extensively for explosive work, and erected plants fur 
manufacturing the ncccssarj' apparatus. Cut oil’, as they 
were, by the Allies, they were compelled to fall hiat Ic iqion 
explosive substances other than those which deinamh d the 
employment of glycerine, nitrates, etc., the shona,ee of 
which became acute as the war went on. Hence tin y were 
driven to the necessity of obtaining *‘.\'plo.-ive inateria!.; 
from their country itself. And this was carried out on qniti; 
a large scale. 

Oxy-acetylene Welding is an industry whieli has asMimed 
large dimensions to-day. It is a process for welding and 
cutting steel and iron by means of the {>nurntotis heal vahut 
of Acetylene-gas, together with Oxygen whieli, eoiieenlraled 
by a blow-pipe, forms an easily controlh-d liana- <d iiitenst- 
heating powers. Such a value is gretitly in excess of t hat <tf 
Hydrogen and ordinary coal-gti.s. A mix! tire of i to 
1-3 volumes of Oxygen to i volume of Acetylene yields 
the best results. The degree of heat produced is verj' great. 
That intense and concentrated flame which one sees with its 
steady white central cone rises to a tomperature of not less 
than 6000“ FI Thus a joint can be welded, a fract un- 
repaired, and other metallurgipal operations ctirried out by 
the localisation of this concentrated heat. An<l the cost is 
much less than that of electric welding. Two systems tire 
employed — ^the High and Low Pressure systems. In the 
former a cylinder supplies the gas under pressure. In the 
latter the Acetylene is obtained from a generator, the 
Oxygen only being used under pressure. Many kinds of 
metals can be welded, such as steel, wrought-iron, cast-iron. 




Hv oj !ht'\ [Liquid Air Co* 

Lioiiii) Aik as an Explosive. 


A I ►sol lt< lit i'<a iriflf^rs aft< r iM-inK placed in a suitable receptacle are cnvered with liquid 
ail , < >11 1 * !iei\ a I tli'*V are pl«iced niidei the routs of a tree to blow up the stump. 





Recent Discoveries Applications 289 

brass, copper. Union takes place ‘so perfectly that it is 
impossible to detect the joint when smoothed. 

The application of the principle to cutting metals by 
means of Oxygen alone in the form of a jet or of oxy- 
acctylene with its higher calorific value is of great service 
to-day. 'Ihe jet of flame is able to eat its way as it were 
through a considerable thickness of metal. The edges are 
clean and the metal itself is not unduly raised in temperature. 
'I'liu S5’.slem, dealing as it does with all kinds of repairs and 
out ting jobs, is especially useful in constricted and awkward 
situations. Moreover it is applicable to all kinds of work. 
1 n the “ Acetylene Journal,” U.S.A., an instance is given 
of its adaptability. It was found necessary to remove some 
concrete which by mistake had been put in during some 
building operations. Labourers with sledges and drills 
attacked it, but progress was slow. It was determined to 
see what could be done with the oxy-acetylene flame. 
Using a long bushy flame the concrete was heated along the 
lino of the desired fracture ; and here the heat was con- 
centrated as much as possible. After a time the concrete 
5deldcd to a heavy sledge blow, breaking off as was required 
in predetermined form and bulk. 

At the close of the war, owing to the large amount of 
salvage work in ships, successful operations were carried 
out in metal cutting under water. It is a specialised branch 
demanding skilled and experienced divers thoroughly 
trained. An interesting article in “ Industrial Gases ” 
.shows that all cutting under water implies the forcing away 
of the liquid from the point where the flame comes in contact 
with the metal. This is effected by surrounding the jet 
with an air blast. Its pressure increases in proportion to 
t lui depth at which work is carried out. One of the great 
difficulties is to keep the flame alight, and when we reflect 
that the operator has to contend with currents, employ 
considerable eflort to work the jet in view of the blast of 
air require^ to displace the water round the nozzle, to say 
nothing of the noise and agitation of the water, and the want 
of visibility, the necessity of employing only trained and 

T 
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selected men is apparent. The excellciil vnTihi); rfl.i h ■] in 
various parts of liio ernmtiy piv'e iiistrncni ‘ii in all iln; 
technique of wilding to ]>ii}iils whirh n'pv, . nj .'diii,*,! 
everyclass of rntrliauic. Tiu iv, i"o, iia^s I am nil ilin r- yn- 
lations and precautions so ni oi.'ss.'.ry in :.!> 'ndn-try cf I'li,. 
kind as well as the detect ion of fmdls, the i tnitimv of nji tol: 
and the chunjjes v.hidi they malt 



CHAPTER XXVI 

FURTHER DEVELOPMENTS OF MODERN RESEARCH 

A NUMBER of Rare Metals have interesting applications. 
Obtained from the ores Scheelite and Wolframite, Tungsten, 
a metal of high melting-point (5433 great ductility and 
of enormous tensile strength, is used to-day for many 
purposes, some of which are here enumerated. 

The old carbon filament lamps used for electric lighting 
have during the last few years been largely replaced by 
others, and notably by those in which the filaments are of 
drawn tungsten wire which offers a higher resistance to the 
electric current, and therefore is capable of being raised to a 
higher state of incandescence. Moreover they are much 
cheaper, as they take less current. Improved lamps of 
modern manufacture have now a “ life of over 2000 hours, 
with an average consumption of half a watt or less per 
candle power, a watt, it may be remarked, being the power 
expended when i volt causes a current of i ampere to 
flow through a circuit. Tungsten is also used largely for 
electrical contacts of all kinds, taking the place of the more 
costly platinum and its alloys. The results are quite 
satisfactory. In the manufacture of steel Tungsten is used 
to harden the metal, and such steel was largely used during 
the late war for the making^of high speed machine tools of 
great hardness and cutting power for munition works, as 
also for guns and armaments. 

An interesting application lies in its use in X-ray work 
Under modern conditions and working, as is customary with 
high electrical tension, consider what happens in a tube. 
We have a terrific bombardment of the anode by a rain 
of little particles or projectiles from the cathode, dectrons 

29X 
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hurled forth with the fearful velueity of nearlj’ fiu/Kso niili s 
per second. The energy developed at the poini of contact 
is such that a consiilcniblc part i.s iraii'fitnnt d iulf> lu ai,. 
No ordinary anode, not even one of jihuimnn, will lonj; 
survive such treatment as this. Di'^integrai ion and uctnal 
melting of the target takes place, and tlie Udn; soon liretdcs 
down. But here comes in the value* of Tmig -h n. \\ iili its 
higher melting-point and other tidvant.v.t'e.- it is iidiniriddy 
adapted for X-ray work. \Vc give a diagram (1‘ig. 125) t*.> 
illustrate our remtirks. 

Vanadium is another unfamiliar me{;d of gre.'it hardness 


and durability, and we neenl not be snr]u is( d to In, at tlial in 



Fto. tss- A 
ROntobn Tube 


the raanufactiiro of ste*el, i(s adfliiion as an 
alloy i.s so marked that very .small finanlitii s 
are sufficient to increase e*not mcmsly its 
tensile strength. Uene'e its n.se for high 
speed tool.s, armour pl.ites, ioconiof ive con- 
struction, and in all c;ea‘s when* grts-tt 
strength and resistance to wear and (ear 
are ne'cdiid. 

Tantalum is another useful metal with :i 


c Cathode. high melting-point and great strength. In 
*** electric filament lamps it lakes a high posil ion 
A Anode. because of its tougliness and immunity b> 
XRdntgeaRaya vibration. Tantalum lumps, tbertTt^re, lia’Vi; 
come into universal use in shops, factories, offices and for 
all lighting purposes. 

Cobalt, a whitish tenacious metal, has many intt'resling 
properties. It imparts to glass a beautiful blue tint, ami 
so-called "Invisible” or “Sympathetic Inks” are made 
from its salts. Suppose that we.write with a dilute solution 
of the chloride and allow it to dry. If the atmosphere be 
moist the writing will be of a delicate red in colour. But let 
the air be dry, or hold the sheet of paper before the fire. A 
startling change occurs ! The water in the little crystals on 
the paper evaporates and the red colour changes into blue ! 
By and by in a less dry atmosphere the original colour will 
return. The crystals will have absorbed moisture once more. 
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Another use of Cobalt is in Electro-plating. Not aJl 
electro-plated goods are Silver coated. Some have a 
of Nickel on them, and now it has been found possible to 
substitute for this metal and Silver, the less familiar element 
Cobalt, which does not tarnish, gives a smooth fine grain, and 
is a distinct rival of nickel. The metal forms an exceedingly 
valuable alloy in the turning out of high-class steel. All 
these metals, together with Manganese and Chromium, 
which is especially infusible, are now extensively used for 
this purpose. It is important, however, that the metals 
should be absolutely pure. Difficulty, very great in the case 
of Chromium, for instance, stood in the way for a long time. 
Then a clever application of one of the properties of 
Aluminium solved the problem. It has been kno'wn for a 
great many years that aluminium has a great affinity for 
Oxygen, snatching at it, like some greedy child at a cake, 
seizing upon it with avidity and extracting it from its 
compounds with metals in the form of Oxides. These oxides 
are then reduced, they lose their Oxygen, and a pure metal 
is left behind. In practice this peculiar action of aluminium 
at first suffered from one serious defect. When the mixture 
was strongly heated as at first it was thought necessary; 
the reaction was so violent that a kind of miniature explosion 
took place in the containing vessel with disastrous results. 
It W'as evident that here was a great storehouse of energy if 
only the reaction could be controlled and kept within bounds. 
In modem practice this has been found possible by simply 
firing the mixture by means of a fuse or even a match, without 
previously heating it. In a few seconds the whole mass 
becomes incandescent and enormous heat is generated by the 
reaction, which is of an entif ely chemical character. Metals 
are thus obtained in a pure state, and the process is applic- 
able to a variety of technical purposes where great heat can 
be generated even in very restricted areas. 

The Thermit process yields not only pure metals but also 
alloys. 5‘or welding purposes and the repair of broken 
machinery, and for all work of this kind. Thermit has proved 
to be of great use in the industrial world. 
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Nitrogen is a very uKcfiil gas. In the mawnf.u. (me of 
Explosives it is used in llic form of iiitratt'S, Ian in (iuu s 
peace its use is directed largely into more u. i fiil chaimels. 
Thus for agricultural purposes it is extensively u,-> d in fili- 
form of nitrogenous manures. Then, loo, it heljjs to produci 
those strong acids. Sulphuric aiul Nitric, of vdiirh misI 
quantities are used for industrial purjioses. it is e,-,tiinateii 
that before the latewar the consinnpiiou of nitrogen luaunir 
for agricultural purposes amounted to altout om: thousand 
tons daily. Since the war the rate has innoa-red at li-as! 
100 per cent. The late Sir Erookes oiiee projiIii>iv*l 
in an address before, the llritish .\.ssnrialion tlial , nulf.-s f hi- 
land was supplied with more Nitnvgi n in the form of 
nitrates, our food resruirces wouhi dwindle and famine 
would stare us in the face, since the wlieat supply would 
fail through lack of nitrogenous fertilizers. 'Ihis ilisauil 
prospect, happily, has not been reali.-i.ed, but in view 
of the dwindling supplies of nitratis fnun Chili,; and 
of native guano, coupled with the fact that with the 
advance of agriculture the demand for nitrogen jiroducts 
wrill steadily increase, the question of an adequate supjily 
of Nitrogen in a suitable form has for some time bi-eii 
acute. 

That there is an inexhaustible quantity of Nitrogen in the 
air around us is an admitted fact, but how was it to be 
utilized? That was the problem. Nature, forestalling man, 
as she so often does in her inimitable w-ay, wins from the 
air some of its Nitrogen by means of certain leguminous 
plants like peas and beans and other members of the 
Leguminosae. But not in quite the .same way as we sjiw 
when studying the action of leawes (Chap, xxiii), and all the 
wonderful mechanism of those living laboratories for assimi- 
lating the Carbonic Acid of the atmo.sphere by the magic 
touch of sunlight. We must examine their roots, for there 
lies the secret of their action. There we find little nodules 
or swellings where the Nitrogen is cunningly stosed by the 
help of countless little organisms, bacteria as they are known. 
And when the plant dies the earth is the richer for the 
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products of decay. Nature has fulfilled her task. Yet we 
cannot say that here sees the end of her efforts. 

In times of thunder when gigantic electric sparks and 
discharges rupturing and rending the heavens with crashing 
reverberations are accompanied, as they usually are, by 
torrential downpours, we see Nature working her schemes 
to some beneficent end. Minute traces of Nitric Acid and 
Ammonia are dissolved, and when they reach the earth they 
form compounds which help to replenish the soil. For 
slowly but surely this soil wiU become impoverished, as all 
who cultivate it know, unless it be enriched from time to 
time. Nature does not do all. She leads the way and calls 
upon man to supplement her work. Chemistry, in the 
wonderful way in which it contributes to-day to the well- 
being of the human race, has gone far in solving this problem 
of Nitrogen. Moreover, the processes employed to-day are 
rendered the more feasible by reason of the cheapness of 
mechanical and electrical power, speaking in a comparative 
way. Suppose that we take Calcium Carbide, so much 
u.scd now for the generation of Acetylene-gas, and cause 
pure Nitrogen, obtained from liquid air and therefore 
available in enormous quantities, to act upon it in the 
intense heat of the electric furnace. The Nitrogen will 
combine with the Carbide and form a substance called 
Calcium Cy anamide which, under the trade name of Nitrolim, 
is found to be an excellent nitrogenous fertilizer, containing 
more of the gas than even Chile saltpetre. 

In Norway, that land of streams and waterfalls, and hence 
of cheap power, there are a number of companies with 
extensive plant working out this process on a very large 
scale, beginning with the production of the Carbide and then 
passing on to the Cyanamide. It is one of the national 
industries. 

Another method is by the imitation of Nature herseU 
Nitrogen, in the form of air, is passed through an electric 
furnace furnished with metal electrodes between which is an 
arc flame whose temperature exceeds 3000° C. By this 
means Nitric Oxide is produced, for the Nitrogen, usually 
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an inert gas, is compelled by this drastic treatment to 
seize hold upon Oxygen, to become oxidized in fact. It is 
then converted into a higher oxide wliich is passed into a 
series of towers, where water is continually trickling over 
pieces of quartz. Here a solution of Kitric Acid is formed 
which is turned into Nitrate of Lime, or as it is called in 
Norway, Norwegian Salt-petre. The industry'' has assumed 
large dimensions in Norway alone. Other countrie.s as well 
as we ourselves are taking up the matter in carn«‘st. 

When Cavendish, many long years ago, described before 
the Royal Society his method of producing Nitric Acid from 
the air by the passage through it of electric sparks, he little 
thought, no doubt, how much the world would ou\“ to his 
experiments. We give an illustration (Fig. 126) of a simple 



Fig. 126. Combining Nitrogen and 
OxvGBN BY Electricity 

means of repeating them. A continuous stream of electric 
sparks from an induction coil passes between the ends of 
two wires in a glass vessel. After a time red fumes appear 
of Oxides of Nitrogen, and Ozone can be detected by it.s 
peculiar smell. If a little water be shaken about at intervals 
in the vessel, a weak solution of Nitric Acid may be obtained. 
But what a contrast these early experiments were to those 
incandescent furnaces and fiamipg arcs of electricity to-day, 
where the heat is so great, so intense, that the most refractory 
metals are reduced to the molten state with ease, and artificial 
Nitrogen compotmds are formed in large quantities from the 
ordinary air which we breathe. 

Another interesting gas in the light of modem applications 
is Oxygen. We have seen what an important factor it 
is in the process of acetylene Weldinf , whicli now an 
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important branch of the metal industry. Let us look at it 
from another point of view and see the good results attendant 
on its use in mines and on the front in the late war in rescue 
work. 

The physiological reasons which necessitate its use may 
be summed up in one word — suffocation or asphyxia. 
Air containing no Oxygen, or very little, collects in mines 
when in disuse, in wells and sewers. The development of 
mining, attended with the dangers of explosions and fire of 
large dimensions, has shown that air may quickly become 
unfit for respiration by the presence of irritating gases, 
sulphur fumes, “ after damp ” and other evils which demand 
instant remedial measures if life is to be saved. The value 
of Oxygen inhalation in all such cases, supplemented as it 
often is by artificial respiration, whereby the lungs are 
rhythmically expanded so that the gas may reach the blood, 
is very great. 

Some form of resuscitating and self-contained breathing 
apparatus must be employed. Messrs. Siebe, Gorman and 
Co., iTd., specialists in designing appliances which are 
extensively used in all kinds of rescue work, and which 
were employed with signal success at the front during the 
late war, have very kindly given me particulars of some of 
their appliances 

The “ Proto " self-contained breathing apparatus is 
designed to supply respirable air independent of any com- 
munication with the outer atmosphere for at least two hours 
at a time. It affords immunity from the most poisonous 
gases. The wcanjr breathes the same air over and over again, 
the Carbonic Acid being absorbed by Sodium Hydrate, andl 
the requisite amount of O^jygen restored from cylinders 
caniiid on the back. 

In the diagrammatic view of the apparatus (Fig. 127) the 
action is seen. The wearer exhales through valve S, the air 
passing down one side of the breathing bag through the 
caustic so^Ja, and thence up the other side to valve T, to be 
again inhaled after mixture with fresh Oxygen delivered 
from the cylinders. A pressure gauge P indicates the quantity 
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of Oxygen at hand, and the duration of the supply. Z is a 
saliva trap. 

In a previous chapter (Chap, vi) the use of canaries for 
detecting poisonous air was alluded to. In the annexed 
diagram (Fig. 128) is seen a portable air Tester designed 
by the same Company to supplement other apparatus in 
rescue work and to localise poisonous zones, it consists 
of an aluminium box with mica windows, huige<l door, 
small cylinder of Oxygen at the top forming a haudlt% and a 
relief valve and connections. To test any parliculnr inv 
the door is opened and the canary inside is watched. If 
Carbon Monoxide be px'csent the bird becomes affected. 



Fio. 127. Proto Apparatus Fig. 128. Tins Bird Air Tksteu 

By permission of Messrs. By pennissu m < .f 

Siebe, Gorman & Co. Sit be, G« >nTian c'i Ci». 


The door is then shut and Oxygen admitted. The bird 
revives and is ready for another test. 

For remote places where comprc.sscd Oxygon cannot be 
obtained a portable Oxygen making and compressing 
apparatus is supplied for charging breathing apparatus. 
A substance called “ Oxylithe,” prepared in small cakes, is 
used very much in the same way as Calcium (Carbide is for 
making Acetylene-gas. On epming in contact with water 
it gives off pure Oxygen which may be collected in bags, or 
compressed in steel cylinders by a pump. Equipped with 
such apparatus as we have described, the various rescue 
brigades of trained workers in different collieries, often 
engaged under most trying conditions in most;^ unnatural 
atmospheres, have done yeoman service in rescuing life and 
rendering pits after explosions and fires free once more from 
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danger. Everywhere the same story is told of heroic bands 
of men showing keenness and resource under hazardous 
conditions. In the salvage of property and the saving of 
life, in carrying out salvage operations, there would appear 
to be a sphere of work eminently suitable for self-rescue 
companies. 

Let us now turn to rescue work in the late war. In a paper 
read before the Institution of Mining Engineers by Lieut. 
G. F. F. Eager, on the training of officers and men in mine- 
rescue work, and in one read by Lieut.-Col. D. Dale Logan, 
n.s.o., M.D., D.P.H., which by the courtesy of the In- 
stitution have kindly been placed at my disposal, some 
most interesting particulars are given of rescue work on the 
western front. 

In the summer of 1915 it was realised for the first time that 
mining operations would need to be carried on on a far more 
extended scale in view of the activity of the enemy in mining 
under our positions. Enormous schemes were developed. 
The success of the Battle of Messines was due in a great 
measure to the work carried out by eight Tunnelling 
Companies for at least fifteen months. The biggest crater 
at this battle and during the war was in depth of shaft and 
gallery some 88 ft., while to the centre the distance was 
1710 ft. All this work necessitated a large personnel, and by 
reason of the large quantities of explosives used there was a 
demand for portable breathing apparatus and men trained in 
its use. Sets of " Proto ” apparatus were sent out to France 
an<l systematic training began under the direction of Mr. 
A. B. Clifford. A mine-rescue school was established which 
finally was attached to the Second Army Mine Listening 
School at Proven in connection with the 177th Company 
R.E. Altogether there were thirty-two Tunnelling Com- 
panies on the western front. Each mine-rescue school was 
responsible to the Controller of Mines for the maintenance 
of efficiency of the men using Proto apparatus, and returns 
were rendered weekly by the O.C. each Tunnelling Company, 
giving particulars of the different sets of appliances — ^Proto, 
Novita, Salvus, as supplied by Messrs. Siebe, Gorman and Co. 
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Recruits for the Second Army School hiid to pass a rif^id 
medical test before instruction. If a man ]u-<n-i‘d to be 
unfit in any way he was at once removed from the list of 
Proto men. Strain, incipient shtll-slmck, heart weaktass, 
excitability, any symptom, in fact of iinfilnc.sH, closed many 
a career in rescue work. The sclino] had a. staff and sixcial 
equipment housed in a hut 90 ft. lonp:, with a span of ih ft. 
A large amount of apparatus was kept here, and spec-ial 
instructions regarding its use were is.itied with evi ry set. 

Mine-strctchers or mats with wooden runners de-i-jned 
specially for trench work entibled the nsciiers to <lra,i.; a 
gassed man along the gallerks, and to hoist him up the 
shafts by the winch-rope. 

Artificial respiration was taught, and Ihc! ndinini'^lraiion 
of Oxygen. Altogether more ihtin two thon-and fivehnndred 
trainings were given to ofTtcers and men, besides lectures 
to members of the R.A.SI.C. on Carbon Mono.side poi-oning, 
and general .school lectures on resem- work to rill ranks. 
Certificates of proficiency in the use of apparatus were 
issued, and the holders were entitled to commenee work 
at once as competent men. Only about N per cent failed 
to pass the qualifying examination. In the detection of 
Carbon Monoxide, mice were used together witli canaries. 
The little animals, rendered as tame as pusNihle, were carried 
in a button-up pocket or little pouch. Placed in the hand 
in tainted air and made to crawl about, a mouse quickly 
lost the use of its legs and collapsed. And this more rapidly 
than a bird on its perch. 

Altogether by reason of their specialised training, re.sciio 
men in France reached a very higli degre-e of reliability anti 
skill. In those strenuous dayji of high explosives, ga.s, shot 
and shell, they proved their worth. 

Lieut.-Col. D. Dale Logan points out in his most interest- 
ing paper that countless casualties occurred not only from 
gas-shells, gas-bombs and all the hideous paraphernalia of 
death-dealing agents introduced by the Germj^n Armies, 
but also from those legitimate weapons in which explosives 
were used. The casualties in xoming alone from gas- 
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poisoning were very great. At tHe Battle of Messines 
nineteen mines of huge dimensions were exploded, requiring 
more than one million pounds of Ammonal. Carbon 
Monoxide, as usual, was responsible for most of the gas- 
poisoning cases in mining. The question of explosives in this 
connection assumed important dimensions. Gunpowder 
was very little used, as also gun-cotton, which produced over 
40 per cent of the poisonous gas. Most of the high explosives 
used were compounds of Ammonium and Nitrogen, especially 
Ammonal, a mixture of T.N.T. or Trinitrotoluene (Chap. 
XXI v), with Ammonium Nitrate and Aluminium powder 
mi.xed with Carbon, supplemented with Blastine and other 
explosives. 

Gas-poisoning was caused in many ways ; on the explosion 
of a mine, the galleries and shafts were filled with the gas. 
In chalk areas the poisonous gases lingered, and sometimes 
collected in " pockets.” Then there were sudden and 
unt.-xpcctcd inrushes of gas into galleries, and even into the 
trenches themselves by way of the shafts. There were also 
gas explosions in mines, the result of the detonation of high 
o.xplosivcs, which on occasions caused grievous loss of life. 
Numbers of men, however, owed their lives to the rescue- 
workers, who often conducted their operations under heavy 
shell lire. In some cases it was necessary to administer 
Oxyf'un immediately when men were gassed before they 
were hoisted up the shaft. The unfortunate men were 
dragged along the galleries as gently as possible under the 
circumstances in the stretchers to which they were securely 
fixed. They were then hoisted to the top. 

A graphic description is given of the wonderful effect 
of Oxygen combined with aftificial respiration on cases 
of gas-poLsoning, illustrating the necessity of perseverance 
even in apparently hopeless conditions. The enemy on one 
occasion bombarded and raided our trenches and blew up 
the entrance to the shaft leading to a tunilfel in which 
thirty-six iijjiantry were sheltering. Twenty-five perished 
from the explosion and gas. Australian rescue-men managed 
to rescue and resuscitate eleven men. who were entirely 
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unconscious and heavily gassed. Twu api'xTtrcd iiopt.lfss ; 
but after ten hours’ work, partly willi ( i\y; :< n, tla y liful i lie 
satisfaction of saving both (tf these eNtri ine ■. I Ann 
in countless otlier cases, under hazardous ruirli'.ii.i.s, the 
behaviour of the men and the cxeclience uf tlu ir work was 
beyond all praise. Tlasre were terrifying expi i ivuci'., v.iieii 
fires broke out in mines and dugouts, :is llu.y 

often did, with astonishing rapidity, and in liic of 

that extraordinary incident, uniiiue in the war, whi n tin 
enemy flooded the coal-fn.'ld of Jii'tlinne wiili “ tiai' gas ’’In 
prevent the French from obtaining ctird. Thi^ gas, a eimr 
pound of Chlorine and Picric ,\eid, w.'is one <1 tiie niosi 
dangerous cmploj'ed by the Germans. 1( was jaii-.i nl in 
enormous quantity. Yet, nolwithstandin," Ihi- nrfltinu:; 
nature of the work, for the shafts were d( ep, the di danct-s lo 
be traversed long, the light dideeiivc, ilje ga S'iti;,' of ilie 
collieries, although it rostiUed in the lo^s of many valuable 
lives, did not achieve its object. The ein my a-, ir.nal faihsl 
to realise what men full of resotinx-, ilevotinti to dm }• and of 
untiring effort were preiwired to <lo lo save a tiinst dangerous 
situation. The full record of all the work done in those 
terrible days will probably nevta- be known. 'Unit the work 
of the mine-rescue schools bore abundant fruit is evidi nt 
to all. 

The demand for Oxygen, as wo might snpp<.s(', was vt'ry 
great, and great credit is duo to the Prilish Oxygen Co. 
for the maintenance of an adecpiatu stipply of g;is tim ing all 
those fateful years. Nor was its value entirely medical. 
Every department of the Government which had to <lo with 
war munitions required an ample supply. That the output 
distributed by the Oxygen Company amounted to upwards 
of six hundred million cubic feet of gas tells us very plainlj’ 
the urgent nature of the demand. 

We have seen that one of the interesting modern 
applications of that wonderful gas Ozone lies in its 
use for ventilating purposes. But there are other inter- 
esting applications to-day. Pure water is one of the 
vital necessitities of our modem life. In some cases the 



of Modern Research 303 

ordinary method of filtration is useless in clearing water of 
disease-bearing organisms. Ozone destroys all dangerous 
organisms, and it is not surprising that its use as a water 
purifier is coming into favour to-day. Moreover, it is claimed 
that the Ozone treatment results in a general improvement 
of the natural qualities of the water subjected to the in- 
fluence of this sterilizing gas. Then, too, Ozone is of great 
value as an aid to preservation of foods of every description. 
By reason of its deodorising and antiseptic properties, 
it has been found useful in maintaining food in storage or 
factories where the conservation of food is carried on, in a 
condition fit for human consumption. In brewing, too, 
which is essentially a chemical process depending on fer- 
mentation, the purity and strength of the yeast employed 
enables those wonderful and complex changes to take 
place in the yeast cells under the influence of enzymes, with 
greater uniformity and immunity from contamination. 

There arc other commercial and industrial appheations, 
also, which depend upon the striking oxidising properties of 
this curious relation of common Oxygen, this “ concentrated 
Oxygen ” gas, which exists naturally in the air we breathe, 
f<jrmed by sunlight rays and electric discharges, by evapora- 
tion (if salt water and even by the action of certain vegetable 
products. 

It has been shown (Chap, xxiii) that by wonderful and 
mysttirious processes, plants in the living laboratories of 
tlu'ir leaves manufacture organic matter by decomposing 
(I'.arbon Dioxide, an inorganic material, under the magic 
infhuincc of sunlight and with the help of (Chlorophyll. 
The first substance formed is probably Formaldehyde, a 
compound of Oxygen, Hydrogen and Carbon. This is con- 
verl('d into starch, and by further decomposition into sugar 
and other carbohydrates, forming thereby the foodstuffs 
of the plant. Moreover, we know that the particular 
rays of light which supply the necessary energy to bring 
about all tt[is wonderful transformation are sifted out by 
the green colouring matter of the leaves from the remaining 
ones which are thus excluded. 
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Many have been the attempts in the past to imitate the 
action of the living plant and to produce by (h- iulluenr.e of 
certain rays of light, red, yellow or even uUra-vi.»lct, photo- 
S3mthetic organic compounds from inorganic materials, 
independently of living matter. 

The workers in this interesting field of in<pniy have been 
many. To-day we see some of the fruits of tlmir I'llajurs. 
By subjecting in an aqueous solution of f'arhon l>io.\i<i<i 
salts of Iron and other elements in a colloidal state, ti> llui 
action of certain rays of light, the synthetic prodiiolifin 
of Formaldeliyde is now an accomplished fact. Tliifi ttpens 
the door to very great possibilitic's. Food, perlitip^ oven life 
itself — what may not be subsequent discovtsrii-s ? 'I'liat sucli 
a process formed " the first step in the origin *»f life ” by 
ixatural means, is the opinion of some of the workers (beiit- 
sdives in this branch of research. The. pliysieihi has g<irie 
far in his attempts to unravt;! the secrets of ihe .Atom. 
To-day the chemist, imitating the methu<ls of Nauirc 
herself, has advanced another step along the hi,i'h-road tif 
Chemical Research. 

Additional light has lately been .shed upon the absf)rl>ing 
question of the inner structure of the Atom by the nnnark 
able experiments of Rutherford and Chadwick. ( >n .several 
occasions allusion has been made in these pages to the 
modem conception of atomic .structure, and we liave also 
seen that the Atom of Radium spontaneously breaks up 
into helium particles and negative tdectrous. Was it 
possible, it was asked, to cause Atoms to disintegrate by 
artificial means ? And, what is the nature of the nucleus, 
that minute central core of the Atom which is positively 
charged, and around which 4he electrons describe their 
planetary orbits ? 

In order to obtain any satisfactory answer to these great 
questions, it was necessary to subject the nucleus itself 
to a searching examination. 

A number of elements such as Nitrogen, Aluminium, 
Phosphorus and others were exposed to a terrific bombard- 
ment by those little particles, the alpha rays, which are 
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('uTTiNd Metal with the Oxy-Acetylene Flame. 

I h»’ witin his •*y<‘s prut<*ctt‘d by tiiilcil spt'ctucK'S is cutting through a 

jiu.i* mJ with ;i l)l<jwpi]»* ilanu- of oxygen and acetylene gases, possessing 

intense heating propertu-s. 
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comparatively large and of very great velocity. Millions 
were rained upon the Nitrogen and other Atoms in the 
hope of shattering some of them. The results were highly 
interesting. 

Some of the alpha particles did actually collide with the 
atoms, causing them thereby to break up with the liberation, 
not of helium, but of Hydrogen. 

This is very extraordinary. Atoms of Nitrogen and other 
elements yield on disruption Hydrogen nuclei which appear 
to be the ultimate positive units associated with negative 
electrons. They form the elemental atom. And it is these 
Hydrogen atoms which give rise to those helium particles 
wdiich are observed in the spontaneous disintegration of 
Radium. At all events, the researches alluded to very 
strongly suggest this. 
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“The volume is interesting to young and old: it would make an admir- 
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“ A fascinating exposition in popular language.” — Jllust7*atedZo7ulonJS ews, 
“Well written, accurate, and interesting, it deserves nothing but pra^e. 
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” Dr. Philip has given us a book covering a very wide field^ of chemical 
science, expressed in language so simple and unteohnical that it cannot faM 
to reach the understanding of readers who have little or no knowledge of 
scientific things, and this without a single chemical formula. 
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the appuLtions of the facts of chemistry to the ordinary requirements of life. 
Simplicity of exposition and interest of subject-matter are oharacterisUc of 
almost every chapter in the book. *—The Ffatwn, 
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**An excellent book.”— Sl/ttulard, 
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aix>umte as to its soienoe and of ebaming' shinpUoSty as to its literary style.'* 

— £!irp<iii(or|f Titnxt, 

More interesting than the majority of noveb,”-— Ofiwsrow Cilitm, 
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series* for it is one of the most interesting of them all. The whole field of 
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some interesting piece of inf(>rmatio».”— 
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with taste and discrimination, and the volume will be found a Iiearteniug 
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** Unquestionably the best collection of modem humorous pieces for recitations 
■which has yet been iasued.”— rAa Dundee Advertiser. 

“ Packed with things that are fresh and unhackneyed.” — Bookman. 

“An excellent selection, Hiree-fifth® of them being taken from the work of the 
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♦*A very striklnj; book, rovelalioit follows revelation, anti nMi» '.tciit’v of 
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** Maj. Turner is well known a.s an itnilimity on aeronautics^ Of rf*vil vAlne. ' 

,'h t* t /('«» «ii.. 
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“An admirable statement of the development of phot'^graphy from its yery beginaiitg 
to the present time.* — 0 / 


awur.Sv 8 k¥vice £if Co. Lm, i»6 SIUKTKsiiuKvXviNUa, w.o.s 



th£ new art library 

‘‘The Admirable New Art lJihtXixy:^^Cannoi 5 settr. 

Just Ready ^ 64 It lustrations^ 2 is. K. 

THE PAINTER’S METHODS <Sf MATERIALS 
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THE ART OF ETCHING 
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** The most complete book on Etching yet produced.” — Times. 

LANDSCAPE PAINTING 

Adrian Stokes, R.A. 97 Illustrations. Price 15s. nett. 

*’ An admirable book by a fine artist.*'— 

PERSPECTIVE 

Rex Vicat Cole. With 472 Illustrations. Price 15s. nett. 

** To one familiar with the severely technical matter and formidable diagrams of the orthodox 
text-book, ibis volume will be a revelation. There are in it a very large number of the must 
in.'cniuuri yet easily understood diagrams. So simple and complete are these that from a study 
uf them alone inobt that is vital in the subject might be mastered. The student is led in the 
most iutorostiiig and convincing way, step by step, from the very alphabet of the subject to its 
inont adyvinccd technicalities, and to his surprise finds that perspective no longer has teirors, it 
haij become a fascinating pursuit.” — Aberdeen Free Pyess. 

WATER COLOUR PAINTING 

Alfred W. Rich. With 60 Illustrations. los. 6d. nett. 

“No aitist living is better qualified to undertake a text-book on water colour painting 
than Mr. Rich. Not only is he one of the most distinguished exponents of the art but he 
has had considerable expeilence success as a teacher. This admirable volume . . — Studio, 

THE PRACTICE 9F OIL PAINTING 

Solomon J. Solomon, R.A. With 80 Illustrations. los. 6d. nett, 

*'The work of an accomplished painter and experienced teacher.” — Scots7nan, 

HUMAN ANATOMY FOR ART STUDENTS 

Sir Alfred D. Fripp, K.C. V.O., C.B, With 1 5 1 Illustrations. 1 58. nett. 

“The character of this book all through is clearness, both in the letterpress and the 
illustrations. The latter are admirable.” — Spectaior. 

MODELLING Sf SCULPTURE 

Albert Toft, Hon. M.S.B.S. With 118 Illustrations, 15s, nett. 

“Indispensable to all who wish to learn the art of sculpture In its many branches. 
Mr. Toft writes very clearly,”— 

THE PRACTICE Sf SCIENCE OF DRAWING 

Hakolu Speed. With#93 Illastrations. los. 6d. nett. 

“This book is of such importance that everyone interested m the subject must read 
It.”— WALTKtt SiCKHUT iH The Daily News, 

“ One of the best volumes in the acinurable series to which it belongs. — DtUrary Wertdk 

THE ARTISTIC ANATOMY OF TREES 

Rkx Vicat Cole. With 500 Illustrations. 158. nett. 

“ Like all volumes of the New Art Library, thorough in its teaching, eminently 
oractical in manner of prehen ting it, and so splendidly illustrated tlmt not a rule is 
laid down or a piece of advice giv en but what a drawing accompanies it. -~-,CoHHotsseur, 
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